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MASS SPECTRQMETHIC METHODS FOR SEQUENCING NUCLEIC ACIDS 
RELATED APPLICATIONS 

Benefit of priority Is claimed to U.S. application Serial 
No.08/9 90,85 1« filed December 15, 1997, to Changwon Kang, Young- 
5 Soo KwoHp Young Tad Kim, Hubert Koeter, Daniel Little, Maryanne 
O^DonnelL Guobing Xleng, Charles Cantor and David Lough, entitled 
-MASS SPECTROMETRIC METHODS FOR SEQUENCING NUCLEIC 
ACIDS". Where permitted , the subject matter of this application is 
Incorporated herein by reference in its entirety. 
\ 0 The subject matter of this appiicatlon is related to the following 

copending applications, international appiicatione and patents: U.S. 
Patent Nos, 5i605.798, 5,622,824 end 5r547;835« 5,69t 
International PCT application No. WO 98/20019, WO 98/20166 and 
WO 97/42348. Where permitted, the subject matter of each of these 
1 5 applications and patents is incorporated herein in its entirety. 
BACKGROUND OF THE INVENTION 

Nucleic acid sequencing methods are important and powerful tools 
in the molacular biologist's repository of techniques tor assessing and 
understanding gene expression and regutation. Methods for sequencing 
20 DNA molecules Indude chemical degradation sequencing (Maxam at bL 
(1 977) Proc. Natl. Acad. Sci. USA 74 : 560, see, also, Ambrose et aL 
(19871 Methods Enz. 152 : 522) and chain termination sequencing 
(Sanger et al M 977) Proc. NatL Acad. Sci. USA 74: 5463) . The 
Maxam-Gilbert sequencing method is a degredative method that relies on 
25 specific cleavage of DNA fragments. A fragment of DNA, which is 
radiolabeled at one end, is partially cleaved In five separate chemical 
reactions. Each reaction is specific for a type of base or a base so that 
five populations of labeled fragments of differing lengths are generated. 



SUBBTtniTE SHEET (RULE 26} 



W0 99.0127« 



PCT/US98i^671K 



The populations of fragments are resolved by polyacrylamide gel 
electrophoresis {PAGE). 

The chain termination or Sanger method relies on a DNA synthesis. 
Single-stranded DNA is used as a template and labeled primers are used 
5 to initiate formation of complementary strands. The synthesis reaction is 
run In the presence of the four deoxynucleotides (dNTPs), dATP. dTTP, 
dCTP and dGTP and one of the four dMeoxynudeotides (ddNTPsK 
ddATP, ddTTP, ddCTP, and ddGTP. The complementary strands are 
prematurely terminated along the chain by addition of dideoxynucieotides 

10 to the growing chains. By starttng with four reaction mbctures, which 
eadi contain one of die four ddNTPs, sets of strands terminating in A, C, 
G and T are generated. Each reaction mixture is electrophoresed in one 
lane of a polyacrylamide gel that resolves fragments that differ by a 
single base In length. 

1 5 These methods are primarily designed tor sequencing single- 

stranded DNA, which is produced by denaturing the DNA and separating 
the single strands, or by other methods, such as cloning into single- 
stranded phage vectors. These sequencing methods rely on reactions 
that produce an array of fragments that differ in length by a single base 

20 and terminate in an Mentrfiabie base. The fragments are resolved by size 
using PAGE and are detected using a label, such as a radioisotope. 
Because the resolution of bands on an electrophoretic gei decreases 
exponentlaiiy as the length of the DNA fragments increase, these 
methods only permit DNA fragments of up to about 300 to 400 

25 nucleotides to be sequenced. 

The target DNA can also be amplified using the polymerase chain 
reaction (PCR) (sea, e^, Muliis et aL (1986} Cold Soring Harbor Svmp. 
Quant. Biol. 51: 263: U.S. Patent No. 4,683,202 to MulRs et aL}i which 
results in an amplified concentration of the duplex target DMA. A 
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number of methods have been used to generate single-stranded 
templates directly from PGR for subsequent sequencing. For example, 
radio'^labeled primer that is specific for only one strand may be used. 
Alternatively, PGR may be run under conditions such that one primer is at 
5 limited concentration. Once the primer that Is at the Hmited 

concentration is exhausted, the second strand Is ampfified at a linear rate 
through succeeding cycles (Gyllenstetn si aL (1988) Proc, isjetl> Acad. 
ScL 85: 7652; Mlhllovic at aL (1989) BioTeehnlaues 7;14L 

There are numerous sequencing strategies in use. The selected 

10 strategy depends upon the purpose for which the DNA is sequenced and 
the amount of infornruition available about the DNA prior to sequencing. 
For example, if the target DNA is sequenced in order to confirm that a 
particular mutation has been introduced into the DNA, It may only be 
necessa/Y to sequence a small region of DNA. If the DNA fragment is an 

15 unknown gene or portron of a gene for which a sequence must be 

accurately determined, then It may be necessary to sequence the entire 
fragment. Because the sizes of fragments that can be sequenced are 
lirrdted to about 400 bases, DNA fragments longer than thrs size must be 
cleaved. Cleavage may be random, by eubcloning segments of the target 

20 DNA. The subclcned fragments, which Include overlapping fragments, 
are then sequenced, and ordered using a computer program (see, e.g., 
Staden (1986) NucL Acids Res. 14:217). Alternatively, the DNA msy be 
systematically subclcned by generating and sequencing overlapping or 
nested mutants or by other ordered approaches. 

25 The Sanger chain termination method and other sequencing 

methods rely on the use of singlO'Strended template by cloning the target 
DNA Into single-stranded phage vectors. The use of plasmfds as vectors 
for the target DNA, however, is preferred over the us of phage DNA for 
reasons, which include the variety of avaliabJs plasmids, the ease whh 
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which plasmids are manipulated, and the greater stability of inserted DNA 
In plesmids compared to phage vectors. Consequently, methods for 
sequencing in which the target DNA is cloned into plasmrd DNA, rather 
than into a single-stranded phage DIMA <see, e>q- Waifence st gL (1981) 
5 Gene JB: 21 -26; Guo gi aL < 1 982) NucI, Acids Rob. 10: 2065-2084; 
Vieira £t bL {T982) Gene 19: 258-268) have been developed. 

These methods are designed to only sequence one strand of the 
target DNA at a time (see, e.g,. Chen eisL (1985) DNA 4: 165-170; 
Hattari etaL (19861 AnaL Biochem. 152 : 232-238; Mierendorf et aL 

10 (1987) IVlethods EnzvmoL 152: 556; Mehra et aL (1986) Proc. Nati. 
Acad. Sci, USA 83: 7013-7017). Use of double-stranded DNA, 
however, avoids the subcioning or Isolation of single-stranded DIMA 
fragments, which are used for the dideoxy chain terminator sequencing 
reactions. The use of double-stranded ON A, however, had been limited 

15 because of the poor template quality of denatured duplex ONA. As a 
result, these methods had not provided as accurate sequence data as 
provided by methods in v^ich the DNA is cloned into a single-stranded 
vector. 

RecentJy, the problems associated with template quality have been 
20 solved by the development of methods that use plasmids that fnclude 
sites, adjacent to the complementary strands of the inserted DNA, to 
which strand-specific primers may be efficiently hybridized. By virtue of 
these methods each of the ^ngle strands of double-stranded DNA can be 
sequenced directly from plasmid DNA without priqr subcioning into 
25 phage vectors (see, Chen eJaL ((19851 DNA 4: 165-170 and Chiet 
aL (1988) NucL Acids fles. 16: 10382}. A strand specific synthetic 
primer is annealed to covalently closed circular DNA, whrch has baen 
denatured by heat or al|<dii, before procaading with dideoxy sequencing 
reactions. Alternatively, the primer can be annealed to open circle 
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double-Stranded plasmid ON A, which has been denatured by alkafi. as a 
template {see, Hattori et aL ((19861 Anal. Blochem. 1S2: 232-238). The 
double-stranded DNA is denatured with alkaf] or heat prior to sequencing 
using the Sanger method, which is performed et 37* C or higher. The 
5 use of different "forward" and "reverse" primers, which are each 
complementary to the lac Z sequences adjacent to the EcoRI site in 
Agtll, for separately sequencing each strand of DNA that has been 
cloned into ^gt^ 1 has also been described {see, IMehra fit aL (1986) Proc. 
Natl. Acad. Sci. USA 83; 7013-7017)- 

10 Plasmids with oppositely oriented promoter regions, which are 

used in methods which rnvolve transcription, are also used as vehicles 
for target DNA which is to be sequenced. Each promoter region serves 
as a distinct speciffc priming site for sequencing the Inserted DNA, Such 
plasmids are commercially available. For example, the twin promoter 

15 plasmid pGEM"™* contabis the bacteriophage SP6 end T7 RNA polymerase 
promoters in opposite orientations (Mierendorf et aL M 987) Meth. 
gp^mo L 556-562} which can generate transcripts for sequencing. 

iWost methods for sequencing nucleic acids require the use of 
polyacrylamide get electrophoresis (i^, PAGE) that can resuJt In 

20 sequencing artifacts or require detectable labels, such as radioisotopes, 
enzymes, or fluorescent or chemiluminescent moieties. Methods for 
sequencing of DNA using mass spectrDnnerIc detection are also in use 
(see. U.S. Patent No. 5,547,836). These methods primarily rely on 
sequencing of ONA. 

25 Using DNA sequencing methodologies, the entire sequence of the 

human genome ultimately will be determined. The Icnowiedge of the 
complete sequence of the human genome DNA will help to understand, 
to diagnose, to prevent and to treat human diseases. To be able to 
tackle successfully the determination of the approximately 3 biJIion base 
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pairs of the human genome In a reasonable time frame and In en 
economicel way, rapid, reliable, sensitive and inexpensive methods are 
required. 

Therefore It fas an object herein to provide additional methods for 
5 sequencing. In particular, it is an object herein to provide mass 
spactrometric methods of sequencing nucleic acids using RNA 
polymerase. It is a further object herein to provide methods of 
sequencing nucleic acids In an array format using RNA polymerase In 
wvhich nucleic acid probes are immobilized to supports at high densities 

10 to facilitate mass spectrometric detection. It is also an object herein to 
provide methods for iderrtifylng transcriptional terminator sequences 
using mass spectrometric methods. 
SUMMARY OF THE INVENTION 

Methods for sequencing nucleic acids, particuarly DNA, using RNA 

15 transcripts are provided. In particular, methods for sequencing nucleic 
acids using RNA polymerases, Including DNA-dependem and RNA- 
dependent RNA polymerasas, are provided. RNA transcripts are analyzed 
by mass spectrometry. 

In practicing the methods, a DNA molecule comprising a promoter 
20 and target nucleic acid sequence operatively linked to the promoter is 
transcribed with an RNA polymerase that recognizes the promoter under 
conditions that generate a nested set of RNA transcripts that include the 
target Is produced. The molecular weight of the transcripts are 
determined by mass spectrometry to thereby determine the nucleic add 
25 sequence of the target sequence. The DNA molecule that contains the 
nucleic acid and target is preferably immobilized. 

In cenain embodiments, the methods use a double-stranded 
promoter-containing fragment with a single-stranded region at one and. 
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whlch captures a moJeoule that contains the target DNA. In these 
embodKments. the target DNA is preferably single-stranded. 

In preferred embtadimentfi, the promoter-containing nucJerc acid 15 
covalentiy coupled via the S'-^nd of the noncoding (antisense) strand or 
5 5'^end of the coding strand to a solid support. Coupling can be by any 
method known to those of skill in the art, such as via a thiol Jinkage. For 
example, 5'- or 3'-thlolated DNA is prepared and linked at to a 
aminosilane-treated solid support. The linkage niay be drrect or via a 
linker group. The resulting imrtiobilized molecules are preferably arranged 

10 in an array format 

A double-strandad nucleic acid moteoule encoding a promoter 
sequence can obtained from any source, such as bact«^ra, vrruses, 
bacteriophages, plants and eukaryotio organisms, or assembled by 
synthetic protocols. It Is engineered using so that the resulting fragment 

1 5 contains a single-stranded region of at least a 5 nucleotides at the 3'-end 
of the coding (sense) strand. This single-stranded region Is designed 
such that it is complementary to a region of the nucleic acid to be 
sequenced or to a common overiapping sequence, such as a restriction 
endonuclease site. 

20 The target nucleic add, which fnlcudes the region of nudeic acid 

to be sequenced is slngla-stranded or double-stranded but includes a 
single-stranded 3'-end, rs hybridized to the complementary sequences of 
the promoter-contaming DNA, Hybridization is performed either before or 
after immobilization. The hybridization of the two nucleic acid 

25 molecules introduces one or more "nicks" In the hybrid at the junctfon{s) 
of the adjacent nucleic acid molecules^ In certain embodiments, nicks fn 
the coding or non-coding strand, preferably the coding strand, ara ligated 
by the addition of en appropriate nucleic acid ligase prior to initialing 
transcription. 
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The methods preferably ennplov any suitable strategy for 
generating nested RNA transcrrpts. The preferred methods rely on a 
modified Sanger aequencing strategy in which RNA polymerase Is used 
to generate a set of nested RNA transcripts obtained by base-specific 
5 chain termination. These are analyzed by mass spectrometry » A 
modified Gilbert-Maxam strategy is also cantempfated* In this method, 
the transcripts are cleaved wjth base-specific RlSlases to produce base- 
specifically terminated fragments and the molecular weights are then 
assess by mass spectrometry, 

10 Transcription is inftiated from the promoter by the addition of the 

appropriate RNA polymerase in the presence of ribonucleoside 
triphosphates and a selected base-specific chain terminating 3'« 
deoxyribonucleoside triphosphate. In preferred embodiments, the 
transcription mixture also contains modified ribonucleoside triphosphates 

15 and ribonucleotide analogs ribonucleotide triphosphate analogs that 
reduce secondary structure of the resulting RNA transcripts and/or 
increase the fidelity of termination and turnover of the RNA polymerase 
enzyme thereby inoreaslng the amount of RNA transcript available for 
anafysia.. These analogs include, but are not limited to: inosine 5'- 

20 triphosphate (FTP), which reduces secondary structure, 4-thio uridine 
5 'triphosphate (UTP) and 5-bromo DTP or 5'-iodo CTP, which increase 
the fidelity of termination and turnover of the RNA polymerase enzyme 
thereby fncreasing the amount of RNA transcript avaclaWe for analysis. 
The resulting RNA transcripts are analyzed by mass spectrometry. 

25 In other embodtmants, the sample further contains a matrix 

material for mass spectrometry for analysis by matrix-assisted laser 
desorption/lonization mass spectrometry (MALDI) and preferably further 
uses time-of-f light (TOF) analysis* The sequence of the nucleic acid is 
obtained by aligning the observed mass of the chain-tarminated RNA 
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transcripts obtained from sequenGing reactions containing each of the 
four chain-terminating bases. 

The methods of sequencing provided herein may be used for 
diagnostic applications. Diagnostic applications. Include methods for 
5 determination of the presence of genetic alterations in a known target 
nucleic acid. For example* a region of the target nucleic acid Is amplif red 
and the nucleic acid strand corresponding to the noncoding strand is 
isolated. The nucleic acid probe containing the promoter mav be rsolated 
from a natural source or assembled syntheticaliy by hybridizing two 

10 complementary oligonucleotides to form a promoter sequence. A sin- 
gte-stranded region of at leest 6 nucleotides that is complementary to a 
region of the nucleic acid to be sequenced or to a common sequence is 
introduced by recombinant means at the 3*-end of the coding strand- In 
prefen-ed embodiments, the promoter-containing nucFeic acid is 

tS covalently coupled vfa the 3'-end of the noncoding strand or 5 -end of 
the coding strand to a solid support and, more preferably, is a 5'- or 3'- 
thiolated DNA linked at high densities to a eminosilane-treated solid 
support. The linkage may be in the absence or presence of a linker group 
and is preferably arranged in an array format. 

20 A single-stranded 3' overhang of the nucleic acid to be sequenced, 

in single-stranded or double-stranded form, Is hybridized to the 
complementary sequences of the noncoding strand and, in some 
embodiments, llie nrckis) between one or more nucleic acid strands 
is/are ligated prior to transcription. Transcription is initiated using the 

25 appropriate RNA polymerase in the presence of ribonucleoside 
triphosphates and a selected base-specific chain terminating 3 - 
daoxyribonucfeoside triphosphate, in preferred embodiments, the 
transcription mixture may also contain inosine 5' -triphosphate and/or one 
or more modified ribonucleoside triphosphates to facOhate analysis of th 
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RNA transcripts. The RNA transcripts are analyzed bv mass 
spectrometry, preferably using MALDF-TOF. 

When used in array formats, a panel of promoter-containing 
nucleic acid probes can be constructed and linked in an array such that 
5 the target nucleic acid Is permuted along the entire sequence, e.g., the 
coding sequence of a gene, allowing for the determination of the nucleic 
acid sequence of the entire gene during a sfngle reaction sequence. 

Methods of identifying transcriptional terminator and attenuator 
sequences are also provided. By modifying transcription conditions to 

10 produce fuII-Jength transcripts, transcriptional terminator sequences, such 
as rho-dependent and rho-independent terminators, may be identified 
using mass spectrometric methods. In practicing the methods^ a single- 
stranded region of the 3'-end of the target nucleic acid to be sequenced 
is hybridized to a complementary sequence at the 3 '-end of the coding 

15 strand a promoter^containing nucleic acid probe. In preferred 

embodiments, the promoter-contafning nucleic acid Is covaiently coupled 
via the 6'-end of the noncoding strand or 3' -end of the coding strand to a 
solid support and, more prereraWy, is a 5'- or 3'-thiolated DNA linked at 
high densities to a aminosilane-treated solid support. The linkage may be 

20 In the absence or presence of a linker group and Is preferably arranged in 
an array format. 

Transcrrption Fs initiated In the absence or presence of modified 
RNA triphosphate analogs that increase tha efficiency of RNA polymerase 
termination at such terminator sequences, such as 4-thio UTP, 5-bromo 
25 UTP or 5'-iodo CTP. In certain embodiments, nicks in one or more strand 
may be ligated by the addition of an appropriate nucleic acid ligase prior 
to inWating transcription (i^ adding a DNA or RNA ligase). The mass of 
the terminated RNA transcripts is determined bv mass spectrometry. The 
obsen^ed mass is indicathre of the location of the terminator-dependent 
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airest of transcriptron and by comparing the alignment of the sequence 
immediatelY preceding the site of transcrfptlcnal termination from distinct 
genomic locations, terminator end attenuator sequences may be 
identified for different RNA polymerases. 
5 DESCRIPTION OF THE DRAWtNGS 

Figure 1 illustrates a system for preparing arrays of a sample 
material for analysis. 

Figure 2 Illustrates a pin assembly suitable for use with the system 
depicted in Fig. 1 for implementing a paraifei process of dispensing 
10 material to a surface of a substrate. 

Figure 3 depicts a bottom portion of the assembly shown in Fig. 2. 

Figure 4 depicts an aJtemative view of the bottom portion of the 
pin assembly depicted in Fig. 2. 

Figures 5A-5D depict a method for preparing an array of sample 
1 5 material. 

Figures 6A-6B depict an alternative assembly for dispensing 
material to the surface of a substrate. 

Figure 7 is a schematic showing covalent attachment of 
oBgodeoxynucJeotides to a silicon dioxide surface as described herein. In 

20 particular, silicon dioxide was reacted with S-aminopropyhriethoxysilane 
to produce a uniform layer of primary amino groups on the surface. A 
heterobifunctionai crosslinldng agent was then reacted with the primary 
amine to incorporate an iodoacetamide-group. An oiigodeoxynucleotide 
containing a 3'- or 5'-dtsulfide (shown as the 5') was treated with trls-(2- 

25 carboxyethyl) phosphine (TCEP) to reduce the disulfide to a free thiol, 
which was then coupled to the iodoacetamldo-surface. 
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Figurs 8 is a graph which plots conjugation of ofigodeoxynuclso- 
tide probes to a sHicon surface as a function of TCEP concentration used 
in the disulfide reduction. 

Hgure 9 is a matrix assisted laser desorbtion/lonlzation-time-of- 
5 fOght <MALOI-TOF) mass spect/um of a silicon wafer with the 

ofigodeoxynucleotide sequence denoted "TCUC" (5'-CAATTCGAGCTCG 
GTACCCQG-3'; SEQ ID NO: ^^ covalenlly bound essentially as described 
In Figure 7 and the ollgodeoxynucleotide sequence denoted "MJM6* (5'- 
CCGGGTACCQAQCTCGAATTC-3'; SEQ ID NO: 2} hybridized thereto. 
10 Figure 1 0 depicts one embodiment of a substrate having wells 

etohed therein that are suitable for receiving material for analysis. 

Figure 1 1 depicts one example of spectra obtained from a linear 
time of flight mass spectrometer instrument and representative of the 
materia] composition of the sample matariai on the surface of the 
15 substrate depicted In Fig. 10. 

Figure 12 depicts molecular weights determined for the sample 
material having spectra identified in Fig. 1 1 . 

Rgure 1 3 is a schematie of a 4 x 4 fie-locatlon) DNA an-ay on the 
surface of a silicon wafer with the thioi-containlng oligonucleotide 
20 molecules denoted "Oligomer 1 (5'-CTe6ATQCGTC6GATCATCTTTTTT-CS)-3'; 
SEQ ID NO; 5), Oligomer 2 (5'-|S1-CCTCTTGGGAactgtgtagtatt-3'; SEQ 
ID NO: 6) and "Oligomer 3" (SEQ ID NO: 1; a free thiol derivative 
"TCUC" oligonucleotide of EXAMPLE 1) covalently bound to IB locations 
on the surface of the silicon wafer essentially as described in 
25 EXAMPLE 2. 

Figure 14 is a schematic of the hybridization of specific 
oligonucleotides to each of the 16 locations of the DNA hybridization 
array of Figure 13 with the Oligomer 1 complementary oligonuDleotide 
l5'-GATQATCCGACGCATCAGAATGT-3'; SEQ ID f^O: 7) bound to 
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Ofigomer 1, the Oligomer 2 complemdrttary olrgonuclsatide (5'- 
AATACTACACAG-3'; SEQ ID NO: 8) bound to Oligomer 2 and the 
Oligomer 3 complementary oligonucleotide (5'- 

CCGCGTACCGAGCTCGAATTC-3'; SEQ ID NO: 2) bound to Oligomer 3, 
5 Figure 15 is a representative MALDJ-TOF mass spectrum of a 4 x 4 

<16-location) DMA ajray on a silicon wafer shown schematically In Figure 
15. The spectrum reveals a single, predominant signal of an 
experimental mass-to-charge ratio in each focation corresponding lo the 
specific hybridized oligonucleotides. The 2+ indicates the position of a 

10 doubly charged molecule used as a reference standard during MALDJ-TOF 
MS analysis. The * denotes residual amounts of contaminating 
oligonucleotide that remain on the surface of the chip following washing 
procedures. The relative position of the * signal reveals the approximate 
size of the contaminating oligonucleotide^ 

15 Figure 1 6 is a representative MALDI-TOF mass spectrum of an 8 x 

8 (e4-locatlon) DNA array. Tine spectrum reveals a single, predominant 
signal of an experimental ma$$-to*charge ratio corresponding to the 
predicted specific hybridized oligonucleotides. The denotes residual 
amounts of contaminating oligonucleotide that remain on the surface of 

20 the wafer following washing procedures. The relative position of the * 
signal reveals the approximate size of the contaminating oligonucleotide. 

Figure 17 shows the nucleotide sequence of a DNA molecule (SEQ 
ID No: 10) assembled by hybridizing a &5-mer oligonucleotide to a 
complementary 25-mer oHgonuoleotrde (SEQ ID No: 11) and a 

25 complementary 30-mer oligonucleotide {SEQ ID No: 12). The resulting 
double-stranded DNA encodes a SP6 promoter (nt 1-18 of SEQ ID No: 
10) and has a single nick fn the coding strand of the molecule at nt +7 
relative to the start of transcription from the SP6 promoter. The position 
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of the nick and the start of transcription initiation from tha SP6 promoter 
are indicated. 

DETAILED DESCRrPTION AND PREFERRED EMBODIMENTS 
Definitions 

5 Unless defined otherwise, ali technical end sctentif rc terms U3ed 

heretn have the same me«mlng as is commonly understood by one of skill 
in the art to which this invention belongs. Ail patents and publications 
referred to herein are incorporated by reference herein. 

As used herein, the tarm ''nuciefc acid" refers to oligonucleotides 

10 or polynucleotides such as deoxyribonucieic acid (ON A) and ribonudeic 
acid (RNA) as well as analogs of either HNA or DIMA, for example, made 
from nucleotide analogs, any of which are in single or doubla-stranded 
form and also RNA. Nucleic acid molecules can be synthetic or can be 
isolated from a particular biological sample using any number of 

t8 procedures which are well-lcnown in the ert, the particular procedure 
chosen being appropriate for the particluar biological sample. 

As used herein, nucleotides include nucleoside mono-, di% and 
triphosphates. Nucleotides also include modified nucleotides such as 
phosphorothloate nucleotides and deazapurine nucleotides. A complete 

20 set of chain-elongating nucleotides refers to four different nucleotides 
that can hybridize to each of the four different bases comprising the DNA 
template. 

As used herein, a nucleic acid promoter-conteining probe refers to 
a nucleic acid fragment that includes a double-stranded region encoding a 
25 promoter and a single-stranded region that contains at least 5 nucieotides 
at the 3'-end of the coding (sense) strand relative to the promoter. The 
at least 5 nucleotides are selected to be complementary to a single- 
stranded region at the 3'-end of a nucleic acid containing the target 
nucleic acid of [merest. Reference to the 3' -end refers to the antisense 
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strand rf the target is contained in a double-stranded maiecule. When the 
target is double-stranded the resulting molecule has nicks fn the coding 
and non-coding strands. 

Alternatively, the single-stranded region of the nucleic acid 
5 promoter-containing probe includes at least about 5 nucleotides at the 5'- 
end of the noncoding {antisense) strand (rsfative to the promoter) that 
are complenfientary to at least about five nucleotides at the 5'-end of the 
coding strand of a target nucierc acid. Jn thb embodiment, the target 
must be double-stranded. Following hybridization, the resulting 

10 molecule has nicies in the coding and non-coding strands. 

In all embodiments, nicies can be ligated prior to transcription. As 
shown herein, however, rf the nroks are at a sufficient distance, 
preferably at least about +7 nudaotides, it is not necessary to llgate. 
As used here In, the target nucleic acid is the nucleic acid 

1 6 molecule to be sequanced. It can be part of a larger moleude. The 
molecule that contains the target nucleic acid can contain or can be 
modified to contain at least about 5 nucleotides whose sequence is 
designed to be fully complemantarv to at least 5 contiguous nucleotides 
at the 3' end of the over hang on the promoter-containing capture probe 

20 lor 5' end depending upon the configuretion selected). The target 
nucleic acid can be double-stranded, with a 3' or 5' single-stranded 
overhang , or single-stranded. RNA polymerases can end do transcribe 
single-stranded molecules, partioularly, once the ternary complex is 
formed. The target may else be RNA or PNA (protein nucleic acid formed 

25 by coniugatlng bases to an amino acid backbone; see, e^, Nielsen 
SL (1991) Sciepce 254rU97i. 

As used herein, nucleic acid synthesis refers to any process by 
which oligonucleotides r polynucl otides are generated, including, but 
not limited to processes involving chemical or enzymatic r actions. 
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As used herein, a base-specifically terminated ribonucleotides is 
one that generated during transcription by inoorporation a nucJeotide tliat 
results in transcription termfnation. Base-specif iaaliy terminating 
ribonudeoside triphophates, which produce baae-spec'ificady terminated 
5 ribonucleotides, are Icnown to tliose of skiil in the art. Examples of base- 
specifically terminating ribonudeoside triphosphates Include, but are not 
limited to: 3'-dQoxyribonucleo$jde triphosphates, such as 3'-dGTP, and 
others described herein and known to those of skill in the art. 

As used herein, complementary when referring to two nucleotide 

10 sequences^ means that the two sequences of nudeotides are capable of 
hybridizing, preferably with less than 25%, more preferably with less 
than 15%, even more preferably with less than 5%, most preferably with 
no mismatches between opposed nucleotides* Preferably the two 
molecules will hybridize under conditions of Wgh stringency. 

15 As used herein: stringency of hybrldi2ation In determrning 

percentage mismatch is as follows: 

1) high stringency: 0.1 x SSPE, 0.1% SDS, 65®C 

2) medium stringency: 0.2 x SSPE, 0.1% SDS, 50«*C 

3) low stringency: 1 ,0 x SSPE, 0.1 % SDS, 50«C 

20 It is understood that equivalent stringencies may be achieved using 
alternative buffers, salts and temperatures. 

As used herein, the term ""array" refers to an ordered arrangement 
of members or positions. The array may contain any number of members 
or positions and can be In any variety of shapes. In preferred 

25 embodiments, the array is two-dimensional and contains n x m members, 
wherein m and n are integers that can be the same or different, in 
partlcularty preferred embodiments, n and m are each 4 or a multiple 
thereof. 



SUBSTITUTE SHEET (RULE 26} 



\V099y3127X 



?CT/I)S9S^16718 



-17. 

The term "cross-linking agent" is art-recognized, and, as used 
hereiOr refers to reagents taht rjnmobilize a nucleic acid to an Insoluble- 
suppon, preferably through covaient bonds. Thus, appropriate "cross- 
linking agents" for use herein Includes a variety of agents that are 
S capable of reacting with a functional group present on a surface of the 
insoluble support and with a functionaJ group present rn the nucleic acid 
nnolecule. Reagants capable of such reactivity include homo- and hetero- 
blfunctional reagents, many of which are known In the art* 
Heterobifunctionai reagents are preferred. 

10 As used herein, the term "thiol-reactive functionality," refers to a 

functionality that reacts rapidly or preferably with a nucleophillc thiol 
moiety to produce a covalent bond, such as a disulfide or thioether bond. 
In genereL thiol groups are good nudeophiies, and preferred thlol-reactlve 
functionaflties are reactive electrophiles. A variety of thiokeactive 

15 functionaJities are known in the art, and include, for example, haloacetyis 
{preferably iodoacetyl), diazoketones, epoxy ketones, a, fl-unsaturated 
carbonyls (such as, o, li-enones) and other reective Michael acceptors 
(including maieintide), acid halcdes. benzyl halides, and the like, in 
certain embodiments, a free thiol group of a disulfide can react wrth a 

20 free thiol group, such as by disulfide bond formation, including by 
disulfide exchange, A •thiol-reactiva" cross-Hnking agent, as used 
herein, refers to a cross-linking reagent (or surface} which includes, or 
can be modified to Include, at least one thiol-reactive functionsKty. 
Reaction of a thiol group can be temporarily prevented by blocking with 

25 an appropriate protecting group, as is conventional (n Ae art (see e.g. . 
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T.W. Greene aad P.G.M. Wuts "Protective Groups in Organic Synthesis/ 
2nd ed. John Wiley & Sons, (1991)). 

As used herein, a seleotively cleavable linker is a (inker that is 
cleaved under selected conditions, such as e photocleavable Hnker, a 
5 chemically cleavable linker and an enzYmaticaHv cleavable linker (i^, a 
ra&triction endonuclease site or a rlbonudeotide/RNase digestion). The 
linker is Interposed betwesn the support and fmmobilized DNA. 

As used her Bin, the terms ''protein", "polypeptide" and "peptide" 
are used interchangeably whan referring to a translated nucleic acid, 

10 such as a gene product. 

As used herein, "sample" refers to a composition containrng a 
material to be detected. In a preferred embodiment the sample Is a 
"biological sample", v»/hlch refers to any material obtained from a living 
source. Including but not limited to arumaL particularly mammals, 

16 including humans, pfant, bacteria, fungi, protist and virus. The biclogical 
sample can be In any form, Induding solid materials,, such as tissue, cells 
and biopsied material, and biological fluids, Including urine, blood, saliva, 
amniotic fluid, cerebral spinal flmd and mouth wash (containing buccal 
cells). Preferably solid materials are mixed with a fluid. 

20 As used herein, "substrata* or "solid support" shail mean an 

insoluble support onto which a sample is deposited according to the 
materials as described herein. Examples of appropriate substrates 
indude beads, including but not limited to sliica gel, controlled pore 
glass, magnetic, dextran, agarose and cellulose, capillaries, flat supports 

25 such as glass fiber filters, glass surfaces, metal surfaces (staet, gold, 

silver, aluminum, copper end silicon), plastic materials Including muitiwell 
plates or membranes ( e.g. , of polyethylene, polypropylene, polyamide, 
polyvinylidenedHluoride), pins , such as arrays of pins suitable for 



SUBSnTlTTE SHEET (RULE 26) 



wo 99/31 2^8 



PCT/USM/M71ff 



•1 9- 

combinatorial synthesis or enalyfite or beads in pits of flat surfaces such 
as wafers, paritlcularly silicon wafers, with or without plates. 

As used herein, RNA polymerase refers to DNA-dependent RNA 
polymerases and RNA-dependent RNA polymerases. Any RNA 
5 polymerase that recognizes a specific promoter sequence and Is capable 
of initiating transcrrption and elongating a RNA transcript is contemplated 
within the scope of the term herein. Exemplary RNA polymerases that 
may be used in the methods provided herein include, but are not limited 
to those obtained from: 1) archee bacteria, such as Halobacterium. 

10 Methanobacterium. Methanococcus. Sulfolobalfes and Thermoplasma: 2) 
eubacteriar such as gram negative bacteria, e.g., Escherichia coll and 
strains of fialmonellq and Shli3Q||a. gram positive bacteria, e.o>. Bacillus 
SiMM and Staphlococcus aureus: 3J bacteriophages, such as T7, 73, 
SP6 nicked and N4; 4) DNA viruses; 51 RNA viruses, such as 

15 influenza virus; 6t plants, such as wheat; and 7) eukaryotic RNA 

polymerase II isolated from fungil, e.g .. Saccharomvcea cerevisae and 
higher eukaryotic organisms, g^, mammals. Also included withfn the 
scope of the term RNA polymerase as used herein is the RNA phage 
replicase (see, e.o., international PCT application No.PCT/US87/008aO 

20 and 5,270,184). Eukaryotic RNA polymerases, such as those isolated 
from eukaryotc tissues, including plants and animals, that recognize 
eukaryotic promoters, including viral promoters from viruses that infect 
eukaryotic cellSr are also contemplated herein. The T7, 13, and SP6 
RNA polymerases have been cioned and their sequences and methods for 

25 their purification as well as for purification of the bacterial RNA 

polymerases and certain eukaryotic DNA dependent RNA polymerases 
are known. In addition, numerous RNA polymerase commercially 
available in large quantities, and can also be readily produced from 
oommerically available vectors. The sequences of the promoters 1or each 
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of the above-noted polymerases and other RJMA polymerase are also 
known to those of skill an the art. 

As used herein, a promoter region refers to the portion of DNA of 
a gene that controls expression of DNA to which it Is operatively linked. 
5 The promoter ragion includes specific sequences of DNA that ara 
sufficient for RNA polymerase recognition, binding and transcription 
Initiation, This portion of the promoter region is referred to as the 
promoter. In addition, the promoter region includes sequences that 
modulate this recognition, binding and transcription initiation activity of 

10 the RNA polymerase. These sequences may be cte acting or may be 
responsive to trans acting factors. Promoters, depending upon the 
nature of the regulation r may be constitutive or regulated. A constitutive 
promoter is always turned on. A regulatabfe prorhoter requires specific 
signals to be turned on or off. A developmentalty regulated promoter is 

1 5 one that is turned on or off as a function of development 

The promoter can be of a consensus sequence or variant. When a non- 
witd-type promoter is used, transcription will occur at a rate sufficient to 
produce a detectable transcript, and is typically at least about 5-10% of 
the rate at which transcriptron would have occurred if a wild-type or 

20 native promoter had been used by the RNA polymerase to transcribe the 
nucletc aoid in vitro . Each species of rasiA polymerase Is specific 
for a particular prornoter sequence. Each of the three bacteriophage 
RNA polymerases (T7, T3, and SP61 has Its own specific DNA promoter 
sequence. After the RNA polymerese has attached to the promoter 

25 sequence of the template and transcription has been initiated, the 

promoter sequence releases the RNA polymerase. The RNA polynnerase 
then continues transcription along the template until (1) it runs out of 
RNA starting materials* (2) the transcription reaction Is t rminated by a 
particular nucleotWe. nucleoside or analog, <31 transcriptron is 
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spontaneously aborted when the RNA polymerase and tho template 
prematurely disassociate or (4) the end of the DNA tempiate is reached. 

As used herein, a ''promoter-containing nucleic acid" is a nucleic 
acid that contains a sequence of nucleotides that directs the site-specific 
5 binding of an RNA poiymerase molacule , which binds and melts the 
double-stranded DNA to fomi an open transcription rnitration complex 
that is capabJe of initiating RISIA synthesis in the presence of 
ribonucleotide triphosphates. Thus^ a functional promoter sequence is a 
sequence of nucleotides to which a DNA dependent RNA polymerase 

10 binds, melts in, forms an fnltiation complex and inttiates transcription. 
The promoter-containtng nuolerc acid capture probe refers to the double- 
stranded molecule the includes the promoter region and a 3' overhang of 
at Jeast about 5 nucleotides to which the target nucleic acid hybridizes, 
particularly under high stingency conditions, TypicalJy such hybridization 

15 requires about 5 contiguous base pairs of identity between the target and 
promoter-containing capture probe. After initiating transcription, the 
RNA poiymerase |or subunits thereof I Is part of ternary complex 
containing the polymerase, the DNA, and tfie nascent RNA transcript. 

As used herein, a "coding strand " refers to the nucleic acid strand 

20 of a promoter-containing nucleic acid that has the same polarity as a 
corresponding mRNA molecule initiated from that promoter. Thus, it 
refers to the sense strand. The non-coding strand is the anti-sense 
strand that Is transcribed by RNA polymerase. 

As used herein "native nucleoside lor ribonucieoside) triphosphate" 

25 or "native nucleotide" or ribonucleotide triphosphate means any one of 
the naturally occurring normal precursors of RNA, i,e., ATP, GTP, CTP, or 
UTP. A "nucleoside triphosphate analog" or^nudeotide anslog" means 
any nucleoside triphosphate analogous to a native nucleotide, but lhat 
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contarns one or more chemica[ modiffcations compared to the native 
nucteoside or nucleotide. 

As used herein, a "matrix material'' refers to a material used in 
mass spectrometry that is a proton donating, UV absorbing material, 
5 usually an organic acid, that forms crystalline matrix-nudelc acid 

structures that are readrly ionizable during MALDI. An exemplary matrix 
material is a solution of S-hydroxypicollnic acid {3-HPA, 0,7 M in 50% 
acetonitrile, T0% ammonium citrate). 

As used herein, ''conditioning" refers to a process whereby prior to 

10 mass spectrometric analysis, the nucleic acid to be analysed is modified, 
for example to decrease the laser energy required for volettzation and/or 
to minimize fragmentation. Conditioning can be performed on a nucleic 
add, preferably after immobilization. An example of conditioning is 
modification of the phosphodiester backbone of the nudeic acid molecuJe 

tS by, for exemple,. cation exchange), eliminates peak broadening due to a 
heterogeneity in the cations bound per nucleotide unit. Contacting a 
nucleic acid molecule with an alkylating agent such as alkyllodide, 
iodoaoetamlde, -lodoethanoJ, or 2,3^oxy-l -propanol, the monothio 
phosphodiester bonds of a nucleic acid moieouie can be transformed Into 

20 a phosphotriester bond. Ukewise, phosphodiester bonds may be 
transformed to uncharged derivatives employing trialkylsiiyl chlorides. 
Conditioning also can be performed by incorporating modified nucleotides 
into a nudeic add during synthesis. Such modified nucleotides can be 
used to reduce sensitivity for depurlnation (fragmentation during WIS), 

25 sucg as with a purine analog such as MB-, N7' or N9-deazapurine 

nucleotides or ribonucieotide. Modified nucleotides also can include RNA 
building blocks, oligonucleotide triesters, phosphorothioate functions 
which are afkyJated, or oligonucleotide mimotics such as PNA. In 
preparing conditioned RIMA transcripts with m dified nucleotides, the 
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RNA polymerase chosen must be able to incorporate the modified 
nucleotide into the RNA transoript. 
IVIethode for sequencing 

Mass spectrometric methods of sequencing nucleic acrds ere 
5 provided. !n particular, the sequencing methods use nucleic acid 
promoter-containing probe that contem a double-stranded region 
encoding a promoter and a single-stranded region for hybridizing to a 
complementary region on target nucleic acids. The nucleic acid 
promoter-containing capture probe is preferably immobizsd on a solid 

10 support. The single-stranded region is hybridfzed to a complementary on 
a target nucleic ecfd, which contains the nucleic acid to be sequenced 
and at least 5 nucleotides of sfngle-stranded region identical to the 5 
contiguous single-stranded nucleotides on the probe. 

Following hybridization of the target to the nucleic acid promoter- 

15 containing probes, the nucleic acid sequence is determined by generating 
a set of nested base-spedfic chain terminated RNA transcripts initiated 
from the promoter and transcribed through the target nucleic acid. The 
resulting nested RNA transcripts ara analyted using mass spectrometry. 
While DNA Is often the preferred vehicle for sequencing, the 

20 methods herein are sequence RNA transcripts. RNA fragments are more 
stable during matrlx-assfsted laser desorption/ionization {MALDD mass 
spectrometry than DNA fragments. Without being bound by any theory, 
the enhanced stabllliy may result from the presence of the 2'-hydfoxvl 
group on the sugar moiety of RNA, which helps to reduce depurination 

25 during the MALDl process. 



BUBSTITUTE SHEET (RULE 26) 



W099.'3I378 PCT/LS9M67ltf 



-24- 

RNA polymerases and promoters 

Any RNA palymereise capable of directing the in vitro transcription 
of an RNA molecule Is contemplated for use in the methods described 
herein. Preferred RNA polymerases are DMA-dependent RNA 
5 polymerases. Methods for isolating and purifying RNA polymerase 
molecules are weil known to those of skHI in the artf 0$ repllcase (seae, 
fijU, U.S. Patent No. 5,696,248, Re: 35,443 and Eoyang sliL (1971) in 
Procedures in Nucieic Acid Researfih Camoni and Davies. eds., Volume 
2. pp. 829-839, Harper and Rowe, NY); bacteria <e,a.. qqR, see 
1 0 Burgess and Jendrisalc 11 976) Bloehemis^rt/ 14:4634-4638 and Hager et 
SL {1 990 )p|pchemis tQ; 29:7890-7894; Leishmania. e.g.. see Sadhukhan 
fij aL ( 1 997} Mol. CflH. Btefthfim 221: 1 05-1 1 4: Bacillus aubtilis . 
QIacomoni (T980) Eur. J. Btoehpm ^np «;7Q.RQi|. p^age {g^, T7, 
McDonnell et aJ, (1 977) J. Mol. Biol. 82:71 9-736 and Studier ej sL 
15 11989) Viroto 39:562-574; see also Meet aL 11997) Protein Exor. 
furif, 9: 142-151); viruses rhabdovirus, see Das et aL (1996) 
Methods Snzymol. 275:99-122; turnqa nwsiac virus, see Deldman si §L 
(1997) si. Virpl Meth. M: 184-195; vaccrnia, Qershon ej ai, (1 996) 
M^thouls &jtvniff|, 225:35-57); and mammalian ( e.g.. yeast pollf, Kaleske 
20 filM.(lS88) MfilhadsJQJSffliaL 222:1 76-184: human pollJ, Maldonado 
SSaL 11996) MfiJhfldsJQSUEoL 274:72-1 00). In addition, a number of 
prokaryotic, eukaryotic, bacteriophage and viral RNA polymerases, such 
as T3. T7 and SP6 are commercially available (e^, sold by Stratagena, 
La Jolla, CA; Boehringer Mannheim. Indianapofis, IN; Pharmacia. Uppsala. 
25 Sweden; and Sigma Chemical Corp, St. Louis, iVIo) and/or well known. 
The promoters are also well known and readily available (e.g.. the p<3EM 
series of plasmlds are avaifablo from Promega, Madison Wi: see also, 
U,S. Patent No. 4,766.072, which describes construction of the pGEM 
piasntids). 



suBsrmrTE sheet (rule 2B) 



WQ9Mt278 



PCT/US1W267IJr 



-2S- 

In practicing the methods, DNA-dependant RNA polymerases and 
RIMA-dependant RNA polymerases nr^ay be used. For example, RNA 
polymerases that may be used in the methods provided herein include, 
but ere not limited to those obtained from: 1 ) archeabacteria, such as 
5 Halobacterrum. Methanobacterium . Methanococcus . SuJfoiobales and 
Thermopiasma; 2) eubacteria, such as gram negative bacteria, e.g. , 
Escherichia coli and strains of Salmonella and ShioBlla. gram positive 
bacteria, e.g^ . Bacillus subtiirs and Staphlococcus aureus: 3) 
bacteriophages, such as T7, T3, SP6 and ISf4; 4] DNA viruses; 5) RNA 

10 viruses, such as influenza virus; 6) plants and plant viruses, such as 
wheat and tumfp mosiac virus; and 7} eukaryotic RNA polymerase II 
isolated f/om fungf, gj^, Saccharomvcea cereviaa^ and higher eukaryotic 
organisms, e^, mammals <e.q.. for a review see In RNA PolvmerasB and 
the Q^fluiatfon of TranscripTlon, Reiinkoff aS aL- eds, Elsevier, NY). Also 

IB included for use herein is the Qj9 replicase from the Qfi RNA phage 
see U.S. Patent Nos. 6,670.353, 5,696,249 and Re: 35,443). 

TTie selection of the appropriate RNA polymerase for a nucleic acid 
template to be sequenced is wrthin the skill of the skilled artisan and 
varies according to the nucleic acid molecule to be sequenced and the 

20 selected promoter region. The selection may be determined empirically 
following using teachings known to those of skill in the art including 
those described herein. Preferred nucleic acid molecules to be 
sequenced are DNA molecules. RNA and, particularly, PIMA (protein 
nucFeic acidsl are also amenable to sequencing, upon selection of an 

25 appropriate RNA polymerase. 

Each nucleic acid promoter-containing probe used fn the 
sequencing methods described herein contains a promoter. The 
promoters used fn the methods herein can be obtained from any source 
or can be prepared synthetfcally based upon sequences recognized by 
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the selected RMA polymerase. For escample, the nucleic add containing e 
promoter may be obtained directly from a variety of dffferent organisms, 
such as bacteria, viruses, phage and eukaryotic arganisme, by cloning or 
may be obtained from commercially available expression vectors ( e.g. . 
5 T7, 13, SP6 and and Ap^ promoters from Boehringer Mannheim and 
Pharmacia; bja or lag promoters, RSV-LTR promoter and F9-1 promoter; 
StfBtagene). The selection of the appropriate promoter will depend on 
the nucleic acid to be sequencedr sequencing conditions, and most 
Importantly, on the RNA polymerase selected for transcription. 

10 Promoters can be produced by hybridizing oligonucleotides 

encoding the coding and non-coding DNA strands of a promoter {see 
Example 4), The separate strands of nucleic acid ere obtained preferably 
by nucleic acid synthetic techniques. Oligonucleotides uaed to assemble 
a promoter are designed such that following hybridization, there exists a 

15 single stranded region at the 3'-end of tfie coding strand to which target 
DNA can hybridize. 

ImmofaDization of nuclerc a<nd promoter-contaMng probes 
In preferred embodiments, the nucleic acid promoter-containing 
probe is immobinzed, directly or by means of a cross*linking agent, to a 

20 solid support provided here'm. The probe can be immobilized prior to 
hybridization or subsequent to hybridization to the target. Preferably and 
most conveniently hybridization is effected following immabilizatfon to 
the solid support. The probe Is preferably immobilized via the 5' end of 
the coding strand or the 3' end of the non-coding strand. 

25 In other embodiments, a promoter and a downstream target 

nucleic acid can be isolated as a iranscriptfonal unit from genomic DNA 
by amplification with primers or hybridization cloning technology, DNA 
encoding the promoter and target can then be immobilized onto a solid 
via th t rmlnal nucleotides of the 5' nd of the coding strand {sense 
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fitrandl or the 3'-end of the non-coding strand. As discussed further 
below, a linicing group can be incorporated into PGR primers U9od to 
isolate the promoter-containing nuoleic acid templato to achieve directed 
immobilization to a support Usa of a suitable RNA polymerase that 
5 recognizes the promoter, will in the presence of chain terminating 
nucleotides will result in a set of nested fragments from which the 
sequence can be determined* 

Preferred sclid supports are those that can support linkage of 
nucleic acids thereto at high densities, preferabJy such that the 

10 GovaJently bowid nuoleic acids are present on the substrate at a density 
of at Jeast about 20 fmol/mm^, mora preferably at least about 75 
f mof/mm', still more preferably at least about 85 fmo^/mm^ yet more 
preferabiy at least about 100 fmol/mm^ and most preferably at least 
about 150 fmol/mm^. Among the most preferred substrates for use jn 

1 5 the particular methods of immobilizing nucleic acids to substrates 
provided herein is silicon, whereas less preferred substrates include 
polymeric materiets such as polyacrylamlde. Substrates for use In 
metiiods of producing an-ays provided herein include any of a wide 
variety of bisoluble support materials including, but not limited to silica 

20 gel, controlled pore glass, cellulose, glass fiber filters, glass surfaces, 
metal surfaces (steel, gold, silver, aluminum, silicon and copper), plastic 
materials (s^fli, of polyethylene, polypropylene, polyamide, polyvinyldene- 
difluoride) and sOicon. 

fn embodiments of the methods in which a cross-linking reagent is 

25 not employed, a modified nucleic acid is reacted directly with a 

appropriately funetionalized surface to yield Immobilized nucleic acid. 
Thus, for exanvie, an iodoacetyl-modlfied surface |or other thiol-reactive 
surface functionality) can react with a thiol-modified nucleic acid to 
provide immobilized nuoleic acids. 
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Jn embodiments using a cross-linking agent, the cross-iinking agent 
is Baleoted to provide a liigh density of nucleic acids immobilrzed on the 
insoluble support. The cross-linking agent (and other reagents used to 
f unctionaiize the support surface or the nucleic acid molecule) can be 
5 selected to provide any desired spacing of the Inrtmobllized nucleic acid 
molecules from the support surface, and to provide any desired spacing 
of the immobilized nucleic acids from each other. Thus, steric 
encumbrance of the nucleic acid molecules can be reduced or eliminated 
by choice of an appropriate cross-linking agent, fn certain embodiments, 

10 the cross-nnking reagent can be selected to provide multiple reactive 
functionalities as used in dendrimer synthesis for attachment of muitjpie 
nucleic acids to a single cross-linking moiety. Preferably, the cross- 
linking agent is delected to ba highly reactive v^ith the nucleic acid 
molecule, to provide rapid, complete, and/or selective reaction* In 

15 preferred embodiments, the reaction volume of the reagents <e>Q> . the 
thiol group reagent and the thiol-reactive functionality) is smaiL 

Modified nucleic acid promoter-containing probes and [Inkers 
Preferred nuctelc acid promoter-containing probes for use herein 
are "thiol-modified nucleic acids/ i.e.. nucleic acids derivatized to 

20 contain at least one reactive thiol moiety. As described in further detail 
fn Example 1, below, nucleic acids containing at least one reactive thiol 
are preferably made by treating a nucleic add containing a 3' or 5' 
disulfide with a reducing agent, which preferably will not compete in 
subsequent reactions <i.e. will not react with an lodoacetimido 

25 functionality). Disulfide-derivatized nucleic acids can be synthesized 
according to a variety of methods. For example, a nucieic acid can be 
modified at the 3'- or 6'-terminus by reaction with a disulfide-contalnfng 
modifying a reagent. Alternatively, a thiolated prinner can by 
enzymatically or non-enzymaticaily attached to the nuclete acid. A 5'- 
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phosphoramidate functionality can also provide an attachmant point for a 
thiol or disulfide-Gontaining cytosfne or deoxycytosine. Examples of 
raducing agents appropriate for reduction of a disulfide-imodifiad nucleic 
acid Include: tris-(2-carboxyathyl)phosphine (TCEP) (preferably a 
5 concentration In the range of 1-100 mM (moat preferably about 10 mM)) 
Is reacted at a pK in the range of 3-6 (most preferably about 4.5), a 
temperature in the range of 20-45 "^C {most preferably about 37*»C} for a 
time period in the range of about 1 to about 1 0 hrs (most preferabJy for 
about 5 hrsl; ditlirothreitol (preferably a concentration in the range of 25 

10 to 100 mM (depending on whether the reaotant Is isolated i ts reacted at 
a pH in the range of 6-10 (most preferably about 8) and at a temperature 
in the range of 25-45 (most preferably about 37^C)) for a time in the 
range of about 1 to about 10 hrs (most preferably about 5 hrs). TCEP 
provides an advantage in the low pH at which it is reactive. This Jow pH 

15 effectively protonates thioJsr thus suppressing nucleophrJic reactions of 
thiols and resulting in fewer side reactions than with other disulfide 
reducing agents which are employed at higher pH» 

As further described in Example 1 , below, a preferred bifunctional 
cross-nnking agent is N-succinimidYl(4-iodacetyl} aminobenzoate (SfAB). 

20 Other crossllnking agents Include, but are not limited to, dimaJeimfde, 
dithlo-bis-nitrobenzoic acid (DTNB), N-suocinimidyl-S-acetyi-thioacetate 
(SATA}, N-succinimidyl-3-(2-pyridyld1thiQl propionate ISPDP), 
succinrmidyl 4-(N-maieimldomethyl)cvclohexene-1-oarboxylate (SMCC) 
and 6-hvdrazinonicotlmide (HYNIC) may also be used in the novel 

25 process. For further examples of cross-JInking reagents, see, e^ Wong 
"Chemistry of Protein Coniuaation and Cross-L inking " CRC Press 
(1991), and Hermanson, ' Bioconiugate Technig iifift" Academic Press 
(1995). 
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\n other embodirnentfi, the nucleic acid is immobilized using a 
photDcJeavdble or photolabile linker moietiefi tliat Is cleaved during mass 
spectrometry. Exemplary photolabile cross-linker include, but are not 
fimited to> 3-amino-(2-nitrophenyllpropionic add {Brown fij aL (1995) 
& Molecufar Pjverslty, pp.4-1 2 and Rothschild et sL 0 996) Nucteic Adds 
Res, 24:361-66) See, else International PCT application No. 
{WO 98/20019). 

A nucleic acid promoter-containing probe can be directfy linked to 
a solid support via a reversible or Irreversible bond between an 

10 appropriate functionality (L') on the target nucleic acid molecule fj) and 
an appropriate functionality IL) on the capture molecule. The format is 
similar to that shown in U.S. Patent No. 5,503,980. A reversible linkage 
Includes linkages that are cleaved under the conditions of mess 
spectrometry. These Include, but are not limited to photocleavable 

15 bonds, such as a charge transfer complex, and labile bonds formed 
between relatively stable organic radicals. 

Furthermore, the linkage can be formed with L' being a quaternary 
ammonium group, in which case, the surface of the solid support, 
preferably, carries negative charges to repel the negatively charged 

20 nucleic acid backbone, thereby facilitating the desorption required for 
analysis by a mass spectrometer. Desorption can occur either by the 
heat created by the laser pulse and/or, depending ori L/ by spectflo 
absorption of laser energy which is jn resonance with the L' 
chromophore. 

25 Thus, the L-L' chemistry can be of a type of disulfide bond 

{chemically cleavabie, ejfl., by mercaptoethanol or dithfoerythrol; a 
biotln/streptavidin system; a heterobifunctional derivative of a trityl ether 
group; see, KOeter et aL (19901 ''A Versatile Acld-LabiJe Unker for 
Modification of Synthetic Blomoleoules/' Tetrahedron Letters 31 !7Q9S> 
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that can be cleaved under mifdiy acidic conditions as wall as under 
conditions of mass spectrometrVr a levulinyl group cleavable under 
almost neutral conditions with a hydraziniumyacetate buffer, an 
arginine^arginine or lysina-lysine bond cleavable by an endopeptfdase 
5 enzyme like trypsin or a pyrophosphate bond cleavabla by a pyrophos- 
phatase, or a ribonucieotido bond in between the ollgodeoxynucieotide 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 

The functionalities, L and L/ can also form a charge transfer 
compJex and thereby form the temporary L-L' linkage. Since in many 

10 cases the "charge-transfer band" can be determined by UV/vis 
&pectron\etry (see, e. g.. Organic Charge Transfer Complexes by R. 
Foster, Academic Press. 1969), the laser energy can be tuned to the 
corresponding energy of the charge^transfer wavelength and, thus, a 
specific desorpticn off the solid support can be initiated. Those skilled in 

15 the art will recognlza that several combinations can serve this purpose 
and that the donor iunctionafity can be either on the solid support or 
coupled to the nucleic acid molecule to be detected or vice versa. 

in another approach, a reversible L-L' linkage can be generated by 
homolytically forming relatively stable radicals. Under the Influence of 

20 the laser pulse, desorpticn {as discussed above) as well as ionization will 
take place at the radical position. Those skilfed In the art will recognize 
that other organic radicals can be selected and that, in relation to the 
dissociation energies needed to homolytically cleave the bond between 
them, a corresponding laser wavelengtii can be selected (see e.g.. 

25 Reactive Moleeuleg by C. Wentrup, John Wiley & Sons. 1 984). 

As noted, several embodiments of the method Involving of 
immobilrzation are contemplated herein. These include^ but are not 
limited to embodiments in which: 1) the primer nucleic acid is 
immobilized to the solid support and the target nucleic scrd is hybridized 
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thereto to form a promoter sequence; 2) a double-stranded nucleic acid 
encoding a promoter (amplrf ted or Isolated) is immobilized through linkage 
to one predetermined strand, and Jn vitcg transcription is initiated in the 
presence of a predetermined deoxy nbonirdeotide, and 3) the target 
5 nucleic acid, which cam be amplified where there is available sequence 
rnformation, ia hybridized to a doubfe-stranded nucleic acid capture probe 
with 3' overhang, and the resulting hybrids are immobil/zed. 

In the embodiments where the primer nuclerc acid rs immobilized 
on the solid support and the target nucleic acid is hybridized thereto, the 

10 inclusion of a cleavabie linker permits the primer DNA to be immobilized 
at the 5'-end so that free 3'-0H is available for "hybridizing" target DNA 
to the free DNA strand and initiatrng tranecrlptron to 

Any linker known to those of skifl hi the art for ImmobiJizing 
nucleic acids to solid supports may be used herein to link the nuderc acid 

15 to a solid support. The preferred linkers herein are the selectively 
deavable linkers, partioularly those exemplified herein. Other linkers 
Include, acid cJeavable linkers, such as bismaleimideothoxy propane and 
acid-labile trltyl linkers. Acid cleavabie linkers, photocleevabte and heat 
sensilJve linkers may aJso be used, particularly where it may be 

20 necessary to cleave the targeted agent to permit it to be more readily 
accessible to reaction. 

Acid cleavabie linkers 
Add cleavabie linkers include, but are not limited to, brsmafeiirh 
deothoKy propane; and adipic acid dihydrazide linkers (see, e^, Fatrom 

25 et aL (1992) Infection & fmmun RO^BftA-fiflQ) and acid labile transferrin 
conjugates that contain a sufficient portfon of transferrin to permit entry 
into the intracellular transferrin cycling pathway (see, o.q» Walhoner et 
aL{1991> J. Biol. Ch9m> 266 :43QS>A31itL 
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PhotoeieavabJe Linkers 

PhotocleavaNe linkers are linkers that are cleaved upon exposure 
to Uglit (see, QoWmacher al sL (1992) BfecfioLfilifiai^ 3:104-1 07), 
thereby releasing the targeted agent upon exposure to light. 
5 Photocieavable linkers that are cleaved upon exposure to light are known 
(see, e^, Hazum et {1981) In Pept.. Proc. Eur. Peot. Svmp.. 16th. 
Brunfeldt, K (Ed), pp. 106-110, which describee the use of e nitrobenzyl 
group es a photDoleavable protective group for cysteine; Yen et aL 
{1999} Mekrompl. Chem tflf^:fifl.fl9 which describes water soJubte 

1 0 photocieavable copolymers, including hydroxypropylmethacryiamlde 
copolymer, glycine copolymer, fluorescein copolymer and 
methylrhodamine copolymer; QoklmachBr ej gL (1992) Bioconi. Chem. 
3:104-107, which describes a cross-linker and reagent that undergoes 
photolytic degradation upon exposure to near UV light (350 nm); and 

15 Senter eJaL (1985) Photochem. Phntn^lpl ii9-9-^i.->-q-7, which describes 
nitrobenzyloxycarbonyl chloride cross linking reagents that produce 
photocieavable linkages), thereby releasing the targeted agent upon 
exposure to light. In preferred embodiments, the nucleic acid is 
immobilized using the photocieavable linker moiety tfiat is cleaved during 

20 mass spectrometry. 

Chemically oleavaUe {inkers 
A variety of chemically cleavable linkers may be used to Introduce 
a cleavable bond between the immobilized nucleic acid and the solid 
support. Acid-labfle linkers are presently preferred chemieaily cleavable 

25 linkers for mass spectrometry, especially WIALDI-TOF MS, because the 
acid labile bond is cleaved during cortditioning of the nucleic acid upon 
addition of the 3-HPA matrix solution. The acid iabile bond can be 
Introduced as a separate linker group, th acid labile trityl groups or 
may be incorporated in a synthetic nucleic acid linker by Introducing one 



SUBSHWrE SHEET (RULE 26) 



or more silyl Internucfeoside bridges using dtisopropylsUyl, thereby 
forming diisopropyteilyMinked oligonucleotide analogs. The 
dilsopropylsilyl bridge replaces the phoshodiester bond in the DNA 
backbone and under mildly acidFc conditions, such as 1.6% 
5 trifluoroacetic ac]d ITFAl or 3-HPA/1 % TFA MALDI-TOF matrix solution, 
results in the Introduction of one or more intra-strand breaks in the DNA 
molecule. Methods for the preparation of dlisopropyisllyl-linked 
oCgonucleotlde precursors and anaiogs are known to those of slciJf in the 
art (see e^, Saha et aU (1993) J- Org. Chem. £3:7827.7831), These 

10 oligonucleotide analogs may be readily prepared using solid state 
oligonucleotide synthesis methods using diisopropylsityl derlvatlzed 
deoxyrlbonucleosides. 
Modification of nucleic ecfds 
A. Mass modifEcatron 

15 In certarn embodiments, nucleic acids modified at positions other 

than the 3'- or 5'- terminus can be used. Modification of the sugar 
moiety of a nucleotide at positions other than the 3' and 5' positicn Is 
possible through conventional methods. Also, nucleic acid bases can be 
modified, fij., as described in F. Eckstein , ed., " Olraonudeotides and 

20 Analogues! A Practical Appmanh |RL Press 11991). Such a linker arm 
can be modified to include a thiol mbfety. Alternatively, backbone- 
modified nucleic acids can be used so that the thfol group can be 
attached to the nitrogen center provided by the modified phosphate 
backbone. 

25 In preferred embodiments, modification of a nucleic actd, such as 

described above, does not substantially Impair the ability of the nucleic 
acid molecule to hybridrze to its complement. Thus, any modification 
should preferably evoid substantially modifying the functionalities of the 
nucieic acid that are responsible for Watson-Crick base pairing. The 



SUBSTITUTE SHEET (RULE 2e> 



PCT/USW26718^ 



•35- 

nucleic acid cen be modified such that a non-terminal thiol group [$ 
presentr and the nucleic acid, when immobilized tc the support, is 
capable of self-compJementarv base pairing to form a ''hairpin" structure 
having a duplex region. 
5 B, Other modifying RNA analogs 

in practicing the mathods described herein^ a set (or sets) of 
nested baee-specific chain terminated RNA transcripts is (are) generated 
during transcription by the incorporation of a modified base-specific chain 
terminating ribonucleotide analog (or specific cieavage by RNases in a 

10 modified Maxem-GHbert strategy). Any ribonucJeoside triphosphate 
analog That results in the sequence-specific errest of transcription 
elongation upon incorporation into an RNA molecule by an RNA 
polymerase may be used rn the methods herein. Presently preferred 
ribonucleotide anaPcgs are 3'-deoxyribonucleotide5, result Jn base- 

1 5 specific termination of transcription (g^, see Axeirod et aJ. |1 985) 
Biochemistry 24:5716-5723; Tyagarajan et SL H 985) Btochemistrv 
30:10920-10924), 

In certain embodiments, in addition to a base-specific chain 
terminating libonucteoslde triphosphate analog, additional ribonucleotide 

20 analogs can be added to reduce the secondary structure of the resulting 
RNA transcript end/or to prevent premature transcription termination or 
pausing or RNA cleavage. For example, the incorporation of riboincsine 
using inosine 5'-tripho8phate is known to reduce the secondary structure 
of RNA products. Jn the presence of a dinucieotide guanine initiator, 

25 rnosine 5 '-triphosphate can effectively substitute for GTP in iq vitro 

transcription reactions (e^a,, Axeirod et sL (1985) Biochemistry 24!571 B- 
5723). 

In addition, modified ribonucleotide analogs may be added to the 
transcription mixture to increase the efHciency of transcriptional 



SUBSTITUTE SHEET (RULE 26) 



wo 99/31278 



PCT/US98Afi7ra 



-36- 

termination and/or transcript release to promote and facilitate the rate 
enzyme turnover. For example, the addition of 4-thio UTPr 5-bromo UTP, 
5-todo CTP alter the hydrogen bonding of the nucleic acid facilitating, at 
least with some RNA polymerases, transcriptionai termination and 
5 tran&cript release. 

Solid eupports and substrates 

Examples of ineolubie supports and substrates for use herein 
include, but are not limited to: beads, such as silica get, controHed pore 
glass, magnetic beads, dextren and agarose (Sephadex and Sepharose) 

10 beads, cellulose beads and others, capiriaries, flet supports such as glass 
fiber filters, glass surfaces, metal surfaces (steel, goJd, silver, aluminum, 
silicon end copper), plastic materials including multiwell plates or 
membranes (e^a^ of polyethylene, polypropylene, polyamide, 
polyvjnyldenedifluorlda), wafers, combs, pins (e^ arrays of pins 

15 suitable for combinatorial synthesis or analysisi or beads in pits of flat 
surfaces such as wafers (e^, silicon wafers), with or without filter 
plates. 

Mass spectrometry 

Once transcription is complete, the RNA transcripts can be 

20 analyzed by any of a variety of means Including, for example, 
spectrometric techniques such as UV/VIS, IR, fluorescence, 
ohemiluminescence, or NMR spectroscopy, mass spectrometry, gel 
electrophoresis and other methods known Jn the art, or combinations 
thereof. Mass spectrometry is preferred herein. Mass spectrometer 

25 formats include the ionization (1) techniques, such as matrix assisted 
laser desorption (MALDI), continuous or pulsed electrospray I ESI) and 
related methods (eja^ lonspray or Thermospray), and massive cluster 
impact IMCJ): these ion sources can be matched with detection formats 
including linear or reflectron time<of-fnght (TOF), single or multiple 
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quadruple, single or multiple magnetic fiector, Fourier Transform ion 
cyclotron resonance (FTfCR), ion trap, and combinations thereof to yield 
a hybrid detector { e,Q> . ion-trap/time-oMJight). For Ionization, numerous 
matrix/wevelength combinations {MALDD or solvent combinations (ESI) 
5 can be employed. 

Preparation qf ONA arraye 

tn preferred embodimentSr nucleic acid pronrioter-contalning 
probes, prior to or subsequent to hybridization to target nucleic acids, are 
immobilized at to the surface of a eoiid support In art array format. 

to Particularly suitabFe methods for forming these DNA arrays are those 
described herein and U.S. application Serial Nos. 08/748,053, 
08/787,839 and 08/786,988. The subject matter of each pending U.S. 
applications is herein incorporated by reference in its entrrety and is 
summarized as follows. 

15 Figure 1 illustrates one system for preparing arrays of sample 

material for analysis by a diagnostic tool. Fig. 1 depicts a system 10 
that Includes a date processor 12, a motion controller 14, a robotic arm 
assembly 16. a monitor element 18A, a central processing unit 188, a 
microliter plate of source materiar 20, a stage housing 22, a robotic arm 

20 24, a stage 26, a pressure controBar 28, a conduit 30, a mounting 

assembly 32, a pin assembly 38, and substrate elements 34. In the view 
shown by Hg. Ut is also Illustrated that the robotic assembly 16 can 
include a moveable mount element 40 and a horizonta[ slide groove 42. 
The robotic arm 24 can optionally pivot about a pin 36 to increase the 

25 travel range of the arm 24 so that arm 24 can disposes the pin assembly 
38 above the source plate 20. 

The data processor 12 depicted in Fig, 1 can be a conventional 
digtef data processing system such as an IBM PC compatible computer 
system that cs suitable for processing data and for executing program 
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instructions that will provide information for controlling the movement 
and operation of the robotic assembly 16. The datti prooeesor unit 12 
can be any type of SY&tem suitable for processfng a program of 
instructions signals that will operate robotic assembly that is 
S integrated into the robotic housing 1 6. Optionally the data processor 12 
can be a mtcro^cntrolied assembly that Is integrated into robotic housing 
16. In further alternative embodiments, the system 10 need not be 
programmable and can be a single board computer having a firmware 
memory for storing instructions for operating die robotic assembly 1 6, 

10 In the embodiment depicted in Rg. 1. there is a controller 14 that 

electronically couples between the data processor 1 2 and the robotic 
assembly 16. The depicted controller 14 is a nrtotion controller that 
drives the motor dements of the robotic assembly 1 6 for position^ the 
robotic arm 24 at a selected location. Additionally, the controller 14 can 

15 provide instruotions to the robotic assembly 1 6 to direct the pressure 
controller 28 to control the volume of fluid ejected from the Individual pin 
elements of the depicted pin assembly 38. The design and construction 
of the depicted motion controller 14 follows from principles well known 
In the art of electrical engineering, and any cantroller element suitable for 

20 driving the robotic assembly 16 can be practiced without departing from 
the scope thereof. 

The robotic assembly 16 depicted in Fig. 1 electronically couples 
to the controller 14. The depleted robotic essembly 16 is a gantry 
system that includes an XY table for moving the robotic arm about a XY 
25 plane, and further includes a 2 axis actuator for moving the robotic arm 
orthogonaJly to that XY plane. The robotic assembly 1 6 depicted in Fig. 
1 Includes an arm 24 that mounts to the XY stage which moves the arm 
within a plane <ief]ned by the XY access. In the depicted embodiment, 
the XY table is mounted to the 2 aotuator to move the entire table along 
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the Z axis orthogonal to the XY plane. In this way, the robotic assembly 
provides three degrees of freedom chat allows the pin assembly 38 to be 
disposed to any location above the substrates 34 and the source plats 
20 which are shown in Fig. 1 aa sittrng on the stage 26 mounted to the 
5 robotic assemblv 1 6. 

The depicted robotic assembly 16 follows from prfncipies well 
known in the art of electrical engineering and is just one example of a 
robotic assembly suitable for moving a pin assembly to tocations adjacent 
a substrate and source plate such as the depleted substrate 34. 

10 Accordingly, alternative robotic systems can be practiced following the 
descriptions herein without departing from the scope thereof. 

Fig. 1 depicts an embodiment of a robotic assembly 16 that 
includes a pressure controller 28 that connects via a conduit 30 to the 
mount 32 that connects to the pin assembly 38« In this embodiment the 

1 5 mount 32 has an Interior channel for fluidic coupling of the conduit 30 to 
the pin assembly 38. Acccrdingiy, the pressure controller 28 is fluMfcly 
coupled by the conduit 30 and the mount 32 to the pin assembly 38. In 
this way the controller 14 can sand signals to the pressure controller 28 
to control selectively a flurd pressure delivered to the pin assembly 38. 

20 Fig. 2 depicts one embodiment of a pin assembly 50 suitable for 

practice with the system depicted in Fig. 1 which Includes the pressure 
controller 28. In the depicted embodiment the pin assembly 50 includes 
a housing formed from an upper portion' 52 and a lower portion 54 that 
are joined together by the crews 56A and E6B to define an Interior 

25 chamber volume 58. Ffg. 2 further depicts that to flufdioly seal the 
Interior chamber volume 56 the housing can Include a seal element 
depicted In Pig. 2 as an 0*ring gasket 60 that sites between the upper 
block and the lower block 54 and surrounds completely the perimeter of 
the Interior chamber volume 58, Fig. 2 further depicts that the pin 
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assemblv 50 includes a plurality of vesicles 62A'«2D, each of which 
include an axial bore extending therethrough to form the depicted holding 
chambers 64A-64D. Each of the depicted veeicles extends through a 
respective aperture 68A-66D disposed within the lower block 54 of the 
5 housing. 

As further shown in the depicted embodiment each ol the vesicles 
62A-62D has an upper flange portion that site against a seal element 
70A-70D to form a fluid-tight seal between the veslde and the lower 
block 54 to prevent fluid from passing through the apertures 68A-6aD. 

10 To keep the seal tight, the depicted pin assembly 50 further includes a 
set of biasrng elements 74A-74D depicted in Fig. 2 as springs which, in 
the depicted embodiments, are in a compressed state to force the flange 
element of the vesicles 62A-62D agannst their respective seal elements 
70A-70D. As shown in Rg. 2, the biasing elements 74A-74D extend 

15 between the veeicles and the upper block 52, Each of the springs 74A- 
74D can be ftxedly mounted to a mounting pad 7GA-760 where the 
spring elements can attach to the upper block 52. The upper block 52 
further Includes an aperture 78 depicted in Fig. 2 as a centrally disposed 
aperture that includes a threaded bore for receiving a swagelok 80 that 

20 can be rotatably mounted within the spenure 78« 

As further depicted in Rg, 2, the swagelok 80 attaches by a 
conduit to a valve 82 than can connect the swagelok 80 to a conduit 84 
that can be coupled to a pressure source, or alternatively can couple the 
swagelok 80 to a conduit 86 that provides for ventfng of the interior 

25 chamber 58. A central bore 88 extends through the swagelok 80 and 
couples to the tubrig element which further connects to the vaJve 82 to 
thereby fluidicly and sdectively couple the interior chamber volume 58 to 
either a pressure source, or a venting outlet. 
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The pin aseembly 50 described above and depicted m Fig. 2 
disposed above a eubstrate element 90 that includes a plurality of welfs 
92 that are etched into the upper surface of the substrate 90. A» 
lllitstrated by Rg, 2. the pitch of the veatelee 62A-62D is such that each 
5 vesicle is spaced from the adjacent vesicles by a distance that is an 
Integral multiple of the pitch dbtance between wells 92 etched into the 
upper surface of the substrate 90. As will be seen from the following 
description, this spacing facilitates the parailei dispensing of fluid, such 
that fluid can be dispensed into a plurality of wells in a single operation. 

10 Each of the vesicles can be made from stainless steel, silica, polymeric 
materiel or any other material suitable for holding flirid sample. In one 
example, 16 vesicles are employed In the assembly, which are made of 
hardened beryllium copper, gold plated over nickel plate. They are 43.2 
mm long and the shaft of the vesicle is graduated to 0.46 mm outer 

IS diameter with a concave tip. Such a pin was diosen since the palming 
accuracy can be approximately 501 micrometers. Any suitablB pin style 
can be employed for the device, including but not limited to flat, star- 
shaped, concave, pointed, solid, pointed semi-hollow, angled on one or 
both sides, or other such geometries. 

20 Rg. 3 shows from a side perspective the lower block 54 of the pin 

assembly 60 depicted In Rg. 2. Fig. 3 shows approximate dimensions 
for one pin assembly. As shown, the lower block 64 has a bottom plate 
98 and a surrounding shoulder 100. Th6 bottom plate 98 is 
approximately 3 mm in thickness and the shoirider 100 Is approximately 

28 5 mm In thickness. 

Fig. 4 shows from an overhead perspective the general structure 
and dimensions for one tower block 54 suitable for use with the pin 
assembly for use with the pin assembly 50 shown in Fig. 2. As shown 
in Rg. 4, the lower block 54 Includes a four-by-four matrix of apertures 
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68 to provide 16 apertures each suitable for receiving a vesicle. As 
described above wi^ reference to Fig. 2, the spscing between the 
aperture 68 is typically an integral multlpie of the distance between wdls 
on a substrate surface as well as the welis of a source plate. 
5 Accordingly, a pin assembly having the lower block 54 as depicted In 
Fig. 4 can dispense fluid in up to 16 wells slmuilaneously. Fig. 4 also 
shows general dimensions of one lower block 54 such that each side of 
block 54 is generally 22 mm in length and the pitch between ap^ure 68 
is approximately 4.5 mm. Such a pitch is suitable for use with a 

10 substrate where fluid Is to be dispensed at locations approximately 500 
iMi apart, as exemplified by the substrate 90 of Fig, 2. Fig. 4 also 
shows that the lower block 54 can include an optional O-rir^g groove 94 
adapted for receiving an 0-rlng seal element, such as the seal element 60 
depicted in Fig. 2, It b understood that such a groove element 94 can 

15 enhance and Improve the fluid seal formed by the seal element 60. 
The pinblock can be manufactured of stainless steel as this 
material oan be drilled accurately to about +25 jtrm, but a variety of 
probe materials can also be used, such as GIG laminate, PJVIMA or other 
suitable material. The pin block can contain any number of apertures and 

20 is shown with 1 6 receptacles which hold the 1 5 pins in place. To 

increase the pointing accuracy of each pin, an optional alignment place 
can be placed betow the block so that about 6 mm of the pin tip is left 
exposed to enable dipping Into the wells of a microtiter plate. The layout 
of the probes in the depicted tool Is designed to coordinate with a 384- 

25 well microtiter plate, thus the center-to-center spacing of the probes in 
4.5 mm. An srray of 4 x 4 probes was chosen since n would produce an 
array that would frt In less than one square inch, which Is the travel 
range of an xy stage of a MALDI TOF MS employed by the assignee. 
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The pintool assembly is completed with e stainless sted cover on the top 
side of the device which is then attached onto the 2-arm of the robot. 

With reference to Rgs 1 and 2. the robotic assembly 1 6 employs a 
pin taol assembly 38 that is configured similariy as the pin tool assembly 
5 50 depicted In Figure 2. The pressure controlfdr 28 selectrveJy controls 
the pressure within chamber 68. With this embodiment, a control 
program operates on the data processor 1 2 to control the robotic 
assembly 1 6 in a way that tha assembly 16 prints an an-ay of elements 
on the substrates 34. In a first step, (see, also figures 2 and 51, the 
10 program directs the robotic assembly 16 to move the pin assembly 38 to 
be disposed above the source plate 20. The robotic assembly 16 will 
then dip the pin assembly into the source plate 20 which can be a 384 
well DMA source plate. As shown In Rg, 4 the pin assembly can Include 
1 6 different pins such that the pin assembly 50 wilt dip 1 6 pins Into 
15 different 1 6 wells of the 384 well DNA source plate 20. Next the data 
processor 1 2 will direct the motion controller 14 to operate the robotic 
assembly 16 to move the pin assembly to a position above the surface of 
the substrate 34. The substrate 34 can he any substrate suitable for 
receivbg a sample of material and can be formed of sIKcon, plastic, 
20 metal, or any other such suitable material. Optionally the substrate will 
have a flat surface, but can ehernatively include a pitted surface, a 
surface etched writh wells or any other suitable surface typography and 
further containing beads on the surface of each well. The program 
operating on data processor 12 can then direct the robotic assembly, 
26 through the motion controller 1 4, to direct the pressure controllax 28 to 
generate a positive pressure wfthh the interior chamber volume 58, In 
this practice, the positive Interior pressure will force fluid from the 
holding chambers of vesicles 62 to eject fluid from the vesicles end into 
a respective well 92 of the substrate 90. 
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The program operating on data processor 1 2 can also direct the 
controller 14 to control the pressure controller 28 to control filling the 
holding chambers with source material from the source plate 20. The 
pressure controller 28 can generate a negative pressure within the 
5 interior chamber volume 58 of the pin assembly. This will causa fluid to 
be drawn up into the holding (Cambers of the vesicles 62A-62D. The 
pressure controller 28 can regulate the pressure erlher by open-loop or 
closed-bop control to avoid having fluid overdrawn through the holding 
chambers and spilled into the interior chamber volume 58. Loop control 

10 systems for controlling pressure are well known in the art and any 
suitable controller can be employed. Such spillage coirld cause cross- 
contamrnationr particularly if the source material drawn from the source 
plate 20 varies from well to well. 

In an alternative embodiment, each of the holding chambers e4A- 

15 64D is sufficiently small to allow the chambers to be fdlad by capillary 
action. In such a practice, the pin assembly can include an array of 
narrow bore needles r such as stainless steel needles, that extend through 
the apertures of the lower block 64. The needles that are dipped into 
source solutions will be filled by capillary action. In one practice, the 

20 length of oapfllery which is to be filled at atmospheric pressure is 
determined approximately by: 

H= U 
PGR 

where H equals Height, gamma equals surface tension, P equals solution 
25 density, G equals gravitational force and R equals needle radius. Thus 
the volume of fluid held by each vesicle can be controlled by selecting 
the dimensions of the interior bore. It is understood that at room 
temperature water will fill a 15 cm iength of 100 ;m) radius capillary. 
Thus, a short bore nanoliter volume ne die will fill to full cepaclty, but 
30 should not overflow because the capillary force is understood to be too 
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small to form a meniscus at the top of the needle oitfice. This prevents 
cross-contamination due to spillage. In one embodiment, the vesides of 
the pin assembly can be provided with different sized interior chambers 
for holding and dispensing different volumes of fluid. 
5 in an atternBtive practice, to decrease the volume of liquid that is 

dravim into the holding chan^ars of the veaieles, a smafl positive 
presfiura can be provided within the Interior chamber volume 68 by the 
pressure controlier 28. The downward force created by the positive 
pressure can be used to counter the upward capillary force. In this way, 

10 the volume of fluid that Is drawn by capillary force into the holding 
chambers of the vesicles can be controlled. 

Fig. 5B shovis that fluid within the holding chambers of the needle 
can be dispensed by a snuill positive pressure introduced through the 
central bore 8B extending through a swagdoic 60. By regulating the 

15 pressure puJse that is introduced Into the interior chamber volume 58, 
fluid can be ejected either as a spray or by droplet formation at the 
needle tip. It is understood that the rate of dispensing, droplet versus 
spray, depends in part upon the pressure applied by the pressure 
controller 28, In one practice, pressure Is applied in the range of 

20 between 10 and 1 ,000 Torr of atmospheric pressure. 

To this end the data processor 12 can run a computer program 
that controls and regulates the volume of fluid dispensed. The program 
can direct the controller 28 to eject a defined volume of fluid, either by 
generating a spray or by forming a drop that sits at the end of the 

» vesicle, and can be contacted with the substrate surface for dispensing 
the fluid thereto. 

Figures 5C and 5D show the earlier steps shown in Figs. 5A-5B 
can again be performed, this time at a positron on the substrate surface 
that Is offset from the earlier position. In the depicted process, the pin 
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tool is off&et by a distance equal to the distance between two wells 92. 
Other offset printing techniques can be employed. 

Several advantages of the pin assembly depicted in Fig. 2 are 
achieved. For example, rinsing between dispensing events ts straight' 
5 forward r requiring only single or multiple pin fillings and emptying events 
with e rinse solution. Moreover, since all holding chambers fill to full 
capacityr the accuracy of the volumes dispensed varies only according to 
needle inner dimensions which can be carefully controfied during pin 
production. Further the device is cost effective, with the greatest 

1 0 expense attributed to the needles, however because no contact with a 
surface is required, the needles are exposed to little physical strain or 
stress, maicing replacement rare and providrng long life. 

Alternatively, deposition of sample material onto solid support 
surface can include techniques that employ pin tool assemblies that have 

15 solfd pin elements extending from a block wherein a robotic assembly 
dips the solid pin elements of the pin essembfy into a source of sample 
material to wet the distal ends of the pins with the sample materials. 
Subsequently the robotic assembly can move the pin assembly to a 
location above the substrate and then lower the pin assembly against the 

20 surface of the substrate to contact the individual wetted pins against the 
surface for spotting material of the substrate surface. 

Pin tool assemblies that have soBd pins with a promoter^containing 
nucleic acfd Immobilized thereon can be dipped into wells containing a 
reaction mixture for hybridization and/or generation of RNA transcript. 

25 The liquid with the transcripts can then be deposrted in an array as 

discussed above, for example by using solid pins of a pin tool assembly 
to spot sample on the substrate surface. 

Figures OA and 6B depict another alternative system for dispensing 
material on or to the surface of the substrate. In particular, Figure 6A 
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depicts a jet printing device ITO which includes a capillary element 1 12, 
a transducer element 114 and orifice <not shown] 1 1 8, a fluid conduit 
122, and a mount 124 connecting to a robotic arm assembly, such as 
the robotic arm 24 depicted In Figure 1. As further shown in Rgure 6A 
5 the Jet assembly 1 1 0 fs suitable for ejecting from the orifice 118a series 
of drops 120 of a sample material for dispensing sample material onto 
tha surface 1 28. 

The capillary 1 1 2 of the jet assembly 1 10 can be a glass caprjlary. 
a plastic capillary, or any other suitable housing that can carry a fluid 

70 sample and that will allow the fluid sample to be ejected by the action of 
a transducer element, such as the transducer element 114. The 
transducer element 114 depJctad in Figure 6A is a piezo electric 
transducer element which forms around the parameter of the capillary 
112 and can transform an electrical pulse received from the pulse 

15 generator within a robotic assembly 1 6 to cause fluid to eject from the 
orifice 1 18 of the capillary 1 12, One such ]et assembly having a 
piezoelectric transducer element Is manufactured by MicroFab 
Technology, Inc., of Qenmany. Any Jet assembly, however, that is 
suitable for dispensing defined and controlled the voiumes of fluid can be 

20 used herein including those that use piezoelectric transducers, electric 
transducers, electrorestrictive transducers, magnetorestrictrve 
transducers, electromechanical transducers, or any other suitable 
transducer element, in the depicted embodiment, the capillary 1 12 has a 
fluid conduit 122 for reeeh/ing fluid material. In an optional embodiment, 

25 fluid can be drawn into d^e capillary by action of a vacuum pressure that 
wni draw fluid through the orifice 118 when the orifice 11 8 is submerged 
in a source of fluid material. Other embodiments of the jet assembly 1 1 0 
can be practiced whh the Invention without departing from the scopa 
thereof. 
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Figure 6B illustrates a further eltamative assembly suitable for p 
being carried on the robotrc arm of a robotic assembly, such as the 
assembly 1 8 depleted fn Figure 1 . Figure 6B lllustretes four jet 
assembries connected together, 130A-1 30D. Similar to the pin assembly 
5 in Figure 2, the |6t assembly depicted in Figure 6B can be employed for 
the paralie! dispensing of fluid material. Each of the jet essemblies 130A- 
130D can be operated rndeper>dsntiy of the others, allowing the selective 
dispensing of fluid from select ones of the jet assemblies. Moreover, 
each of the jet assemblies 130A.130D can be independently controried to 
10 select the volume of fluid that is dispensed from each respected one of 
the assembly 1 30A-130D, Other modifications and alterations can be 
made to the assembly depicted in Figure 68 whhout departing f n>m the 
scope of the invention. 

Arrays can be formed on a substrate surface according to any of 

IB the techniques discussed above. The sample arrays are then analyzed by 
mass spectrometry to collect spectra data that is representative of the 
composition of the samples In the array. It is understood that the above 
methods provide processes that allow for rapidly dispensing definite and 
controlled volumes of analyte material. In particular these processes 

20 allow for dispensing sub to low nanoliter volumes of fluid. These low 
volume deposition techniques generate sample arrays well suited for 
analysis by mass spectrometry. For example, the low volumes yfeid 
reproducibility of spot characteristics, such as evaporation rates and 
reduced dependence on atmospheric conditions such as ambient 

25 temperature and light. 

Continuing with the example shown in Fig. 5, the arrays can be 
prepared by loading oligonucleotides (0.1 -SO ng/jA\ of different 
sequences or concentrations into the wells of a 96 well microtiter source 
plate 20; the first welt can be reserved for holding a matrix solution, A 
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substrate 34, such as a pitted siUcon chfp substrate, can be placed on 
the stage 26 of the robotics assemUy t6 and can be aligned manuaUy to 
orfent the matrfx of wells about a set of reference axes. The controf 
program executing on the data processor 12 can receive the coordinates 
5 of the first well of the source plate 20. The robotic arm 24 can dip the 
pin assembly 38 into source plate 20 such that each of the 16 pins rs 
dipped hto one of the wells. Each vesicle can fill by capillary action so 
that the full volume of the holding chamber contains fJufd. Optionally, 
the program executing on the data processor 1 2 can direct the pressure 
10 controller to fill the Interior chamber 58 of the pin assembly 38 whh a 
po5i«ve bias pressure that will counteract, in part, the force of the 
capiflary action to limit or reduce the volume of fluid that Is drawn Into 
the holding chamber. 

Optionally, the pin assembly 38 can be dipped into the same 78 
15 wens of the source plate 20 end spotted on a second target substrate. 
This cycle can be repeated on as many target substrates as desired. 
Next the robotic arm 24 can dip the pin assembly 38 in a washing 
solution, and then dip the pin assembly into 16 different wells of the 
source plate 20, and spot onto the substrate target offset a distance 
20 from the initial set of 16 spots. Again this can be repeated for as many 
target substrates as desired. The entire cycle can be repeated to n^ake a 
2x2 array from each vesicle to produce an 8x8 array of spots (2x2 
elements/vesicle x 1 6 vesicles c= 64 total elements spotted). Any 
process suitable for fonning arrays can be employed. 
25 Oiigonucleotides of different sequences or concentrations csn be 

loaded into the wells of up to three different 384-well microtiter source 
plates: one set of 16 wells can be reserved for matrix solution. The 
wells of two places are filled with washing solution. Five microtiter 
plates can be loaded onto the stage of the robotic assembly 1 6. A 
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plurality of target substrates can be placed abutting an optronal &dt of 
banking or rdgistration pins disposed on the stage 26 and provided for 
aligning the target substrates along a set of reference axes. If the matrix 
and oligonucfeotide are not pre-mixed, the pin assembly can be employed 
S to first spot matrix solution on all desired target substrates. In a 

subsequent step the oligonucleotide solution can be spotted Fn the same 
pattern as the matrix material to re-dissofve the matrbc. Alternativeiy, a 
sample array can be made by placing the oligonucfeotide solution on the 
wafer first, followed by the matrix solution, or by pre-mixing the matrix 

1 0 and oligonucleotide solutions. 

After depositing the sample arrays onto the surface of the 
substrate, the arrays can be analyzed using any of a variety of means • 
(S^flx/ spectrometfic techniques, such as UV/VIS, [R, fluorescence, 
chemiluminesQence, NWIR spectrometry or mass spectrometry. For 

15 example, subsequent to erther dispensing process, sample loaded 

substrates can be placed onto a IVIALDI-TOF source plate and held there 
with a set of beveled screw mounted polycarbonate supports. In one 
practice, the plate can be transferred on the end of a probe to be heFd 
onto a Ipm resolutioni 1" travel xy stage (Newport) in the source region 

20 of a time-of-flight mass spectrometer. Any suitable mass spectrometry 
tool can be employed. 

Preferred mass speotrometer formats for use with the arrays 
described herein include Ionization <l) techniques rncluding but not limited 
to matrix assisted lassr desorption <MALDI), ooniinuous or pulsed 

25 electrospray |ESI) and related methods (ejg^ lonspray or Thermospray), or 
massive cluster impact IMCI); those ion sources can be matched with 
detection formats including linear or non-linear refiectron time-of<f light 
(TOF), single or multiple quadruple, single or multiple magnetic sector, 
Fourier Transfomi ion cyclotron resonance (FTICR), ran uap, and 
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combinations thereof { e.g.. ion-trap/time-af-flight). For ionization, 
numerous matrix/wavelength combinations (MALDI) or solvent 
combinations (ESI I can be employed. Subattomola levels of protein have 
been detected for exan^te, using ESI (Valaskovic, G. A. et al., (1996) 
5 Science 223: 1 1 99-1 202) or IVIALDI {LI. L. et al,. IT 996) J- Am. Chem, 
SocllS: 1662-1663) mass spectrometry^ 

Thus, it will be understood that in processes described herein a 
completeiy non-contact, high-pressure spray or partial-contact, low 
pressure droplet formation mode can be employed. In the fatter, the only 
10 contact that will occur is between the droplet and the wails of the well or 
a hydrcphilic flat surface of the substrate 34. In neither practice need 
there be any contact between the needle tip and the surface. 
Exemplary embodiment 

In one preferred embodimentr a double-stranded nucleic acid 
15 sequence encoding a promoter sequence is isolated from a natural source 
bacteria, viruses, bacteriophages, plants or eukaryotlc organisms) 
or assembled from synthetic sequences. A single-stranded region of at 
least a 5 nucleotides at the 3' -end of the coding strand using standard 
methods known to those of skill in the art (e.g.. see Sambrook et aL, 
20 (1989) Molecular Cloning, 2nd ed., Cold Spring Harbor Laboratory Press, 
New YorkJ. This single-stranded region is designed such that it Is 
complementary to a region of the nucleic acid to be sequenced or to an 
sequence shared between the tv/o nucleic acid molecules ( e.o., g 
restriction endonuclease sitel. 
25 The nucleic acid to be sequenced containing at least a partially 

single-stranded 3'-end is hybridized according to the conditions described 
herein, preferably high stringency such that 5 contiguous matching base 
pairs form, and known to those of skill In the art to ih complementary 
sBouencfls of the promoter-containing DNA. The nucleic acid to be 
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sequenced may be double-stranded or preferably single-stranded. The 
hybridization of the two nucleic acid molecules introduces one or more 
"nicks" rn the hybrid at the junctionls) of the adjacent nuoJeio acid 
molecules. Nicks In the coding or non-coding strand, preferably the 
5 coding strand, can be ligated by the addition of an appropriate nucleic 
acid ligase prior to initiating transcription. Methods for ligating nuclaic 
acids are well known to those of skill in the art (e.g.. see Sambrook et 
ah/ (1989) Molecular Cloning, 2nd ed.. Cold Spring Harbor Laboratory 
Press, New York! and DNA and RNA llgases are commerciaUy available 

10 (e^, Boehringer Mannheim, Indianapolis, IN). 

Transcription is initiated from the promoter by the addition of the 
appropriate RNA polymerase in the presence of ribonucleoside 
triphosphates under conditions described herein and known elsewhere 
(&flr. In RNA Polymerase and t he Regulation of Transcription. Rezfnkoff 

IS §t al.; eds. Elsevier, NY). In preferred embodiments, a selected base- 
specific chain terminating S'-deoxyribonucleoside triphosphate and the 
transcription mixture also contains inoslne 5'-tripha$phate to reduce the 
secondary structure of the RNA product or modified ribonucleoside 
triphosphates, such as 4-thio UTP, 5-bromo UTP or 5'-iodo CTP to 

20 facilitale turnover of the RNA polymerase enzyme and thereby increase 
the amount of RNA transcript available for analysis. 

In preferred embodiments, the nucleio acid promoter-containing 
probe is covalently Immobilized on a silica support by functionallzation of 
the support with an amino functionality (e.g., by derivatizatlon of the 

25 support with a reagent such as 3-amrnopropyl-triethoxysilane (Aldrich 
Chemical Co., Milwaukee, Wl); see Figure 7). Other functionalized 
oxysilanes or orthosHicates can be used, and are commercially available 
{e^ from Gelest, Jno.^ Tullytownr PA). For example, 3-mercaptopropyl- 
triethoxysiJane can be used to functionalize a sHtcon surface with thiol 
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groups. The dmino-functronalized silica can then be reacted with a 
heterobtfunctional reagent such as N-succinimidvi (4H0dacetvi) 
aminohenzoate (SIAB) (Pierce, Rockford, ID. Other homo- and hetero- 
bifunctional reagents which can be Gmployed are available commerciallv, 
5 e.g. . from Pierce. Finellvr a nucJeic acid functionali^ed with a thiol group 
{ej3j_, at the 5 '-terminus) is covalentJy bound to the derivatized sifica 
support by reaction of the thiol functionality of the nucleic acid molecule 
with the iodoacetyl functionality of the support. 

fn certain embodiments, the nucleic acid can be reacted with the 

10 cross-linking reagent to form a cross-linker/nucleic acid conjugate, which 
is then reacted with a functionalized support lo provide an immobilized 
nuclefc acid. AJternatively, the cross-ifnker can be combined with the 
nucleic acid and a functionalized solid support In one pot to provide 
substantially simuteneous reaction of the cross-linking reagent with the 

15 nucleic acid and the solid support. In this embodiment, it will generally 
be necessary to use a heterobifunctional cross-linker, i.e., a cross-linker 
with two different reactive functionaJities capable of selective reaction 
with each of the nucleic acid and the functionalized solid support. 
Following the methods described herein, spatially-addressable 

20 arrays of nucleic acids rmmobillzed on insoluble supports that are suitable 
for sequencing of nucleic acids using RNA polymerase can be prepared. 
For example, the methods can be used to provide arrays of different 
nucleic acids immobilized on pins arranged In an array. In another 
embodinDent a photo-cleavable protecting group on the Insoluble support 

26 can be selectively cleaved (e^, by photolithography) to provide portions 
of a surface activated for immobilization of a nucleic acid. For example, 
a silicon surface, modified by treatment with S-mercaptopropyl- 
trrethoxysilane'to provide thiol groups, can be blocked with a 
photocleavable protecting group <for examples of photocieavable 
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protocttng groups, see, ejfli/ PCT Publication WO 92/10092, or McCray 
et a{„n9891 Ann. Rev. Biophys. BjQPhvs. Chem. 1fl=9aQ-:»7QV and be 
selectiveJ>r debfocked by irradiation of selected areas of the surface, e.g. , 
by use of a photollthagraphy mask. A nucleic acid promoter-containing 
5 probe modified to contain a thiol-reactive group can then be attached 
directly to the support, or, alternatively, a thiol-reactive cross-linking 
reagent can be reacted with the thiol-modified support followed by (or 
substantially simultaneously wilh} reaction with a nucJeic acid to provide 
immobilized nucleic acids. A nucleic acid base or sequence, once 

10 imrmoWUzed on a support according to the methods described herein, can 
be further modified according to known methods. For example, the 
nucleic acid molecule can be lengthened by performing solid-phase 
nucleic acid synthesis according to conventional techniques, including 
combinatorial technique 

1 5 Preferably the nuclefc acids are covalently bound to a surface of 

the insoluble support through at least one sulfur atom, Le« the nucleic 
acids are covalently bound to the surface through a linker moiety which 
includes at least one sulfur atom. Such covaiently bound nucJeic acfds 
are readily produced by the methods described herein. In preferred 

20 embodiments, the covalently bound nucleic adds are a present on the 
surface of the insoluble support at a density of at least about 20 
fmol/mm^ more preferably at least about 75 fmol/mm*, still more 
preferably at least about fmol/mml yet more preferably at (east about 
100 fmol/mm^, and most preferably at least about 150 fmol/mm^. 

25 Applications 

The methods of sequencing nucleic acids described herein may be 
used for a variety of end use applications. For example, the methods 
may be used fbr diagnostic applications for the identification of 
mutations, such as transitions, trans versions, deletions, insertions and 
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the like. The methods may also be used to assist in the diagnosis of a 
number of genetic disorders, used for genetic screening or the 
determination of heredity or tissue or organ compatibility. 

The method of sequencing may be used for diagnostic applications 
5 to determined the presence of genetic alterations In a known target 
nucleic acrd< For example, a region of the target nucleic acid can be 
amplified using standard methods, such as PCR or other amplification 
methods known to those of skill in the art ( e,Q.. s6& Sambrook £J flLr 
fl989l Molecular Cloning, 2nd ed., Cold Spring Harbor Laboratory Preas, 

10 New York). The amplified nucleic add can be denaturated and the strand 
to be sequenced (the noncoding strand, is isolated or may be used as a 
double-stranded molecule. 

The presence of genetfc alterations In a known target nucleic is 
determined in a diagnostic application by isolating (or Bmplcfying) a target 

15 nucleic acid from a bioJogicaf sample and hybridizing the target to a 
promoter containing capture probe to generate a promoter contarning 
template. A nested set of RIMA transcripts is generated and the 
sequenoe of the target nucleic add determined and compared with a 
wild type sequence to determine if a genetic alteration has occurred in the 

20 target nucleic acid. The presence of a genetic alteration can be 

determined from the RNA transcripts by other means known in the art 
(see, fiiSL. U.S. Patent No. 5,605,798 and International PCT application 
No. WO 98/20019). 

Methods of Identifying Transcriptional Terminator Sequences 

25 Methods of identifying heretofore unknown transcriptional 

tenninator and attenuator sequences are also provided. Transcriptional 
terminator sequences are responsible for the sequence specific cessation 
of RNA elongation and such terminator sequences from a variety of 
organisms have been reported. For example, bacterial rho-indapendent 

suesTiTure sheet (rule 
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terminator sequences have two inverted repeats separate by several base 
pairs followed by a 5-10 nt polyT stretch. Upon transcription through 
these sequences, the resulting mRNA transcript forms a RNA hairpin 
stem-loop secondary structure behind the RNA polymerase molecule that 
S increases pausing of RNA polymerase and/or destabHrzes the RNA 
poiymerase-DNA template Interaotion resulting In termination of the 
transcript within the DNA poIyT stretch, (fi^a., see Wilson and von Hippel 
(19; Reynolds et al. f1992a} J, MoL BToL 234:53-63-' Reynolds et aL 
(19&2b) J, Mol. Biol, 224:31-51 j Telesnftsky et aL (1 989) Biochemistry 
10 28:5210-5218; d'Aubenton Carafa ej aL 0990) J. MoL BloL 216 :835- 
858). 

Bacterial rho-dependent terminators laok the traditional inverted 
repeat stem-loop structure and further require additional factors, such as 
rbo protein, to halt transcription (e.g.. see Schmidt (1 984} J, Mol. 

15 BioL 259: T 5000-1 5002). Rho-dependent termination is barieved to result 
in the premature termination in bacterial species upon uncoupling of 
transcription and translation » 

By modifying the standard transcription conditions described 
herein, transcriptional terminator sequences, e.a.. rho-dependent and rho- 

20 independent terminators, may be Identified using mass spectrometric 
methods. In practicing the methods, a single-stranded region of the 3'- 
end of the nucieic acid to be sequenced is hybridized to a complementary 
sequence at the 3'-end of the coding strand a promoter-containing 
nucleic acid probe. In preferred embodiments, the promoter-containing 

25 nucleic acid is covalently coupled via the 5' -end of the nbncoding strand 
or 3'-end of the coding strand to a solid support and, more preferably, is 
a 5'- or 3'-thiolated DNA linked at high densities to a amtnosilane-treated 
solid support. 'The linkage may be in the absence or presence of a linker 
group and is preferably arranged in an array format. 
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Transcription is initiated in the absence 0/ presence of modified 
RNA triphofiphate analogs that increase the efficiency of RNA polymerase 
termfnation at such terminator sequences* such as 4-ihio UTP| 5-bromo 
UTP or S'-iodo CTP. The mass of the specifically terminated RNA 
5 transcripts can be detected by mass spectrometry where the observed 
mass of the RNA is indicative of the location of the terminator-dependent 
arrest of transcription. By comparing of the alignment of the sequence 
immediately preceding the site of transcriptional termrnation from several 
distinct genomic locations^ heretofore unknown terminator sequences 

10 may be Identified for different RNA polymerases. 

In certain embodiments, nfcks in one or more strand resulting from 
the hybridization of the nucleic acid to be sequenced may be ligatsd by 
the addition of an appropriate nucleic add ligase prior to Initiating 
transcription (Le., adding a DNA or RNA ligase). 

15 The present invention is further Jriustrated by the following 

Examples, which area intended merely to further illustrate and should not 
be construed as limiting. The entire contents of alf the of the references 
(including literature references, Issued patents, published patent 
applications, and co-pending patent applications) cited throughout this 

20 appJicatron are hereby expressly incorporated by reference. 

EXAMPLE 1 

High Density Attachment of nudeio Adds to Silicon Wafers 
lUaterials and Methods 

AH reagents, unless otherwise noted, were obtained from Aldrich 
25 Chemical, Milwaukee, Wl. 
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Dligodeoxy nucleotide upon cleavage of the disulfide. Various reduction 
methods were investigated to determine the optimal conditions. In one 
QsM, the disu[ffde-containing oiigodeoxvnucleotide {31.5 nmol. 0,5 mM) 
was incubated with dithiothraitol (DTT) (Pierce Chemical. Roclcford, ID 
5 (B.2 mmoi, 100 mM) as pH 8.0 and 37 With the cleavage reaction 
essentially complete, the free Ihlol-contelning oligodeoxynucleotlde was 
isolated using a Chromaspin-10 column (Clontech, Palo Alto, CA) since 
DTT may compete in the subsequent reaction. Alternatively, tri5-(2- 
carboxyethyl) phosphine ITCEP) (Pierce Chemical, Rockford, ID has been 

10 used to cleave the disulfide. The disulfide-containlng 

oligodeoxynucteotide (7.2 nmol, 0.36 mM» was Incubated with TCEP in 
pH 4.5 buffer at 37°C. It is not necessary to isolate the product 
following the reaction since TCEP does not competitively react with the 
fodoacetamido tunctionaJity. Varying concentrations of TCEP were used 

15 for the cleavage reaction to determine the optimal conditions for the 
conjugation reaction. 
Probe Coupling 

To each wafer which had been derlvatlzed to contain the 
lodoacetamido functionality as described above was added a 10 mM 

20 aqueous solution of the free-thiol containing oligodeoxynucleotlde In 100 
mM phosphate buffer, pH 8; the reaction was allowed to proceed for a 
minimum of five hours at room temperature In 100% relative humidity. 
Following the reaction, the oligodeoxynucleotlde solution was removed, 
and the wafers were washed two times In 5 X SSC buffer (75 mM 

25 sodJum citrate, 750 mM sodium chloride, pH 7) with 50% formamrde 
(USB, Cleveland, OH) at 65 ^C for 1 hour each. 
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Radlochemicai Determination of Probe Density 
In order to determine the amount of DNA covalently attached to a 
surface or the amourtt of a complementary sequence hybridized, 
radiolabeled probes were employed. In cases where a 5'-disulfide- 
5 containing oligodeoxynucleotlde was to be immobilized, the 3'-term]nu$ 
was radiolabeled using terminal transferase enzyme and a radiolabeled 
dideoxynucleoside triphosphate; in a standard reaction, 15 pmol {0.6//M} 
of the 5'-disulfide-containing oligodeoxynucleotlde was fncubated with 
SO/iCi {16.5 pmol, 0,66 pM) o1 {a-^P) dldeoxyadenosine-6 'triphosphate 

10 (ddATP) (Amersham, Arlington Height, ILI in the presence of 0.2 mM 2- 
meres ptoethanol. Upon tfie addition of 40 units of the terminal 
deoxy nucleotidyl transferase enzyme (USB, Cleveland, OH), the reaction 
was allowed to proceed for one hour at 37*C. After this time, the 
reaction was stopped by Immersion of the vial in 75^C water bath for ten 

15 minutes, and the product was isolated using a Chromaspln-IO column 
(Clontech, Palo Alto, CA). Similarly, a B'-disuffide-containing 
oligodeoxy nucleotide was radiolabeled with ^^S, 

In cases where a S'-disulfide-contalning oligodeoxynucleotlde xvas 
to be immobilized, the 5'-terminus was radiolabeled using T4 

20 polynucleotide kinase and a radiolabeled nucleoside triphosphate. For 
example, 15 pmol 10.8/i/M) of the a'-disulfida-oontaintng 
oiigodeoxynucteotide was incubated with bOfid |16,5pmal, OSB/jM) of 
M^^> adenosine-B'triphosphate {ATP) (Amereham, Arlington Height, ID 
in the presence of SO mM Tris-HCl pH 7,6, 10 mM MgCl^, 10 mM 2- 

25 merca ptoethanol. Following the addition of 40 units of T4 polynucleotide 
kinase, the reaction was allowed to proceed for 1 hour at 37®C. The 
reaction was stopped by immersion of the vial in a 75 water bath for 
ten minutes; the product was then isolated using a Chromaspln-IO 
column {Clontech, Palo Alto, CAI, 
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To determine the density of cavalently immobiiized probe, the 
disulfide-containing oligodeoxynudeotide ui choice was added to a trace 
amount of the same species than had been radiolabeled as dascribad 
above. The disulfide was cleaved r the probe was immobilized on 
5 iodoacdtamido-functionalized wafers, the wafers were washed, and then 
exposed to a pho^phorimager screen {Molecular Dynamics, Sunny\fale, 
CA]. For each different oiigodeoxynucleotide used, reference spots were 
made on polystyrene in which the molar amount of □iigodeoxynudeotide 
was known; these reference spots were exposed to the phosphorimager 
10 screen as well. Upon scanning the screen, the quantity (In moles) of 
oiigodeoxynucleotide bound to each chip was determined by comparing 
the counts to the spacrfic acth/ities of the references. 
Hybridization and Efficiency 

To a wafer that had been functionalized with an immobilized probe 
15 was added a solution of a complementary sequence (TO fiM) In 1 IVI NaCI 
and TE buffer* The wafer and solution were heated lo 75**C and allowed 
to cool to room temperature over 3 hour?. After this time, the solution 
was removed, and the wafer was washed two times with TE buffer. 
To determine the amount of oligonucleodde hybridized, 
20 immobilization of the probe was first carried out as described above 
except that the probe was labeled with rather than ^'P. The density 
of immobilized probe was determined with the phosphorimager. Next, 
the same wafer was incubated in TE buffer, 1 M NaO, and its 
complementary strand (10//IWI) which had been radioJabeled with ^*P. 
25 Hybridization was carried out as previously described. FoHowing a wash 
to remove non-specific binding, the wafer and reference were exposed to 
a phosphorimager screen with a piece of copper foEl between the screen 
and the wafer: The copper foil serves to block the signal from -^S, while 
allowing the ^'P signal to pass freely- The molar amount of hybridized 
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oligonucleotide is then determined, thus reveaJing the percent ai 
covalently immobilized probe that 1$ available for hybridization. 
MALDI-TOF Mass Spectrometric Analysis 
As described abovei wafers containing non-radfolabeled 
5 immobilized ollgodeoxy nucleotide (name: TCUC; sequence: 

GAATTCGAGCTCGGTACCCGG; molecular weight: 6455 Da; SEQ ID 
NO. 1 > were synthesized, and a complementary sequence (name: 
MJM6; sequence: CCGGGTACCGAGCTCGAATTC; molecular weight: 
6415 Da; SEQ ID NO. 2} was hybridized. The wafers were washed in 

10 50mM ammonium citrate buffer for cation exchange to remove sodium 
and potassium ions on the DMA bacicbone {Pieles, U. et aJ., {1993) Nud. 
Acids Res, 21:31 91 -31 96^ A matrix solution of a-hydroxypicolinio add 
(3-HPA. 0-7 M in 50% acetonitrile, 10% ammonium citrate; Wu, K.J., et 
al- M9931 Raofd Commun. Maas Spectrom. 7;1il!?-1Aftl was spotted 

15 onto the wafer and allowed to dry at ambient temperature. The wafers 
were attached directly to the sample probe of a Finnigan MAT (Bremen, 
Germany! Vision 2000 ref lectron TOP mass spectrometer using a 
conducting tape. The ref lectron possesses a 5 keV Ion source and 20 
keV post-acceieratbn; a nitrogen laser was employed; and alJ spectra 

20 were taken in the positive ion mode. 
Surface Chemistry 

Employing standard silicon dioxide modification chemistry, a sriicon 
wafer was reacted with S-amfnopropyltrrethoxysilane to produce a 
uniform layer of primary amino groups on the surface. As shown in 
2S Ffgure 7, the surface was then exposed to a heterobifunctional 

crossiinker resulting In rodoacetamido groups on the surface. It was 
possible to determine the optimal reaction time of this reaction cn solution 
using TLC. The SlAB crossiinker was vlsuafized under long wave 
ultraviolet light (302 nm) to reveal a spot with an value of 0.58. 3- 
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aminopropyltri6thoxy$ilane was not active under ultraviolet light, 
therefore, ninhydrin was used to reveal a purple spot indicating the 
presence of a primary amine at the baseline. A microscafe reaction was 
run using a slight molar excess of SIAB in comparison to 3* 
5 atninopropyltrjethoxvsliane; TLC analysis after approximately one mrnute 
revealed a new spot visible under long wave ultraviolet light with an R| 
value of 0-28. There was no evidence of a purple spot upon spraying 
wFth ninhydrin. thus all the S-aminopropyltriethoxysifane starting material 
had been consumed in the reaction. UV light also revealed the excess 

10 SIAB which remained following the reaction. From these results, it was 
determined the reaction Is complete after approximately one mrnute. In 
all cases, the lodoacatamldo-functionalized wafers were used 
immediately to minimize hydrolysrs of the labile lodoacetamido- 
functionality. Additionally, all further wafer manipulatrons were 

15 performed in the dark since the iodoacetamido-functlonality fs light 
sensitive. 

Disulfide reduction of the modified oligonucleotide was monitored 
by observing a shift in retention time on reverse-phasa FPLC. It was 
determined that after five hours In the presence of DTT {100 mlVI} or 

20 TCEP (10 mM)^ the disulfide was fully reduced to a free thiol. If the DTT 
reaction was allowed to proceed for a Jongar time, an ofigonucJeDtide 
dimer formed in which pafts of free thiols had reacted- Such dimerization 
was also observed when the DTT was removed following the completion 
of the cleavage reaction. This dimerization was not observed when 

25 TCEP was employed as the cleavage reagent since this reaction is 

performed at pH 4.5, thus the free thiols were fully protonated inhibiting 
dimerization. 

Immediately following disulfide cleavage, the modified 
oirgonucleotide was incubated with the iodacetamrdo-functionalized 
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wafers. To ensure complete thiol deprotonatian, the coupling reaction 
we$ performfid at pH 8.0. The probe surface density achieved by this 
chemistry of silicon wafers was analyzed using radiolabeled probes end a 
phosphorimager. The probe surface density was also monitored as a 
5 function of the TCEP concentration used tn the disulfide cleavage 
reaction {Rgure 8). Using 10 nriM TCEP to cleave the disulfide and the 
other reaction conditions described above, it was possible to reproducibly 
yield a surface density of 250 fmol per square mm of surface. Identical 
experiments as described above were performed except that the 
10 oligonucleotide probe lacked a thiol modiflcatfon; surface densities of less 
than S fmol per square mm of surface proved that non-specific binding is 
minimal and that probe coupling most likely occurred as proposed Ni 
Figure 7. 

Hybricfization 

1 5 After attaching ^S-labeled probes to the surface of wafars and 

determining conjugation density as described above, hybridization of '^P- 
labeled oligonucleotides was carried out; hybridization efficiency and 
density were determined using the phosphorimager and copper foil. It 
wBs determined experimentally that copper foil blocks 98.4% of an 

20 signal, while fully allowrng a ^? signal to be detected. The 

complementary sequence reproducibly hybridized to yield 105 fmol per 
square mm of surface; this corresponds to approximately 40% of the 
conjugated probes available for hybridization. Similarly, a non- 
complementary sequence was employed In this scheme yielding less than 

25 5 fmol per square mm of surface in non-specific binding. 

It is hypothesized that stearic interference between the tightly 
packed oligonucleotide on the flat surface Inhibits hybridization 
efficiencies higher that 40%. With this in mind, a spacer molecule was 
incorporated between the terminus of the hybridizing region of the 
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oligonucleotide and the support. The chosen spacors were a series of 
poly cJT sequences ranging in length from 3 to 25. Upon examination of 
these samples with radiolabBls and the phosphorlmager, it was 
determined that 40% was still the maximum hybridization that could be 
5 achieved. 

MALDI-TOF MS Analyals 

Wafers were funotionalized with probes* complementary 
sequences were hybridized, and the samples were analyzed under 
standard MALDI conditions as described above. Analysis revealed that 

10 only the annealed strand (MJM6) was observed In the mass spectrum 
with an experimental mass-to-charge ratio of 641 5-4; the theoretical 
maas-to-charge ratio is 6416 ^Figure 9). Since there was no signal at a 
mass-to-charge ratio of 6455, it was determined that the wafer- 
conjugated strand {TCUC} was not desorbed thus the iodoacetamldo 

15 linkage was stable enough to withstand the laser and remain intact. 
There was an additional signal observed at a mass-to-charge ration of 
6262.0. This signal results from a depurination of guanosines since it Is 
known that DNA is susceptible to the loss of purine bases during the 
MALDI process, I^fordoff, E., et aL <1 992) Rapid Commun. Mass 

20 gpectroni. 6:771-7761. The sample crystals on the wafer were not 
homogeneously distributed, thus it was necessary to hunt for a good 
spot . Because of this non-homogenerty, the mass resolution varied, but 
it generally ranged from 200-300 for the desorbed oligonucleotide fn the 
mass spectra. In one set of experiments, non-complementary sequences 

25 ware hybridized to the wafer; following a wash as previously described, 
analysis by MALDI-TOF MS revealed that minimal non-epeGific annealing 
l>ad taken place since no signal was detected. 
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EXAMPLE 2 

Preparation of DNA arrays using serial and paraDei dIapenaJng tools 

Robot-driven fierial ar)d parallel pL-nL d[sp«i6rng tools were used 
to generate 10-10^ eiement DNA arrays on < V square ohips with flat or 
5 geometrfcally altered {ajL. with wreUs) surfaces for matrix assisted laser 
desorption Ionization mass spectrometry analysis. In the former, a 
'piezoelectric pipette' (70 am id capillary) dispenses single or multiple 
-0,2 nL droplets of matrix, and then analyte, onto the ohip; spectra 
from as low as 0.2 fmol of a 36.mer DNA have been acquired using this 

to procedure. Despite the fast (<5 sec) evaporation, micro-crystals of 3- 
hydroxypicollnlc acid matrix containing the analyte ere routinely produced 
resulting in higher reproducibiHty than routinely obtamed with larger 
volume preparations; all of 100 five fmol spots of a 23-mer in 800 //m 
wells yielded easily interpreted mass spectra, with 99/100 parent Ion 

15 signals having signal to noise ratio of >5. in a second approach, probes 
from 384 well microtiter plate are dispensed 16 at a time into chip wells 
or onto flat surfaces using an array of spring loaded pins which transfer 
-20 nL to the chip by surface contact; MS analysis of array elements 
deposited with the pBrallel method are comparable in terms of sensitivity 

20 and resolution to those made with the serial method. 

Description of the plezoaleetric serial dispenser 
The experimental system developed from a system purchased from 
MIcrodrop GmbH, Norderstedt Germany and cfln include a piezoelectric 
element driver which sends a pulsed signal to a piezoelectric element 

25 bonded to and surrounding a glass capillary which holds the solution to 
be dispensed; a pressure transducer to load {by negative pressure) or 
empty |by positive pressure} the caplUary; a robotic xyz stage and robot 
driver to maneuver the capillary for loading, unloading, dispensing, ar>d 
cleaning, a stroboscope and driver pulsed at the frequency of the prezo 



SUBSTITUTE SHEET (RULE 26) 



wo 99/31278 



PCT.'US9S/26718 



-67- 

element to enable viewing of 'suspended' droplet characteristics; 
separate stages for source and designation plates or sample targets (i.e. 
Si chip): a camera mounted to the robotic arm to view loading to 
designation pfate; end a data station which controls the pressure unit, 
5 x^z robot, and piezoelectric driver. 

Description of the parallel dispenser 

The robotic pintool includes 1 6 probes housed in e probe block 
and mounted on an X Y, Z robotic stage. The robotic stage was a gantry 
system which enables the placement of sample trays helow the arms of 

10 the robot. The gantry unit itself Is composed of X and Y arms which 
move 250 and 400 mm, respectiveiy. guided by brushiess linear servo 
motors with positional feedback provided by linear optical encoders. A 
lead screw driven Z axis (50 mm vertical travel) is mounted to the xy axis 
slide of the gantry unit and is controlled by an in-line rotary servo motor 

15 with positional feedback by e motor-mounted rotary optical encoder. The 
work area of the system Is equipped wrth a slide-out tooling plate that 
hoWs five microtter plates (most often, 2 ptates of wash solution and 3 
plates of sample for a maximum of 11 52 different oligonucleotide 
solutions) and up to ten 20x20 mm wafers. The wafers are placed 

20 precisely in the plate against two banWng pins and held secure by 

vacuum. The entire system Is enclosed In plexi-glass housing for safety 
and mounted onto a steel support frame for thermal and vibrational 
damping. Motion control is accomplished by employing a commercial 
motion controller which was a 3-axi5 servo controller and Is Integrated to 

25 a computer; programming code for specific applications is written as 
needed. 

Samples wore dispensed with the serial system onto several 
surfaces which served as targets In the MALDI TOF analysis including (T) 
A flat stainless stee! sample target as supplied for routine use In a 
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Therma Bjoanalysls Vision 2000; |21 the same destgn stainlass steel 
urget with micromachined nanopits; (3) flat silicon (Si) wafers; (4) 
polished ftat Si wafers; (5) Si wafers with rough (3-6 pLm features) pits; 
(6U9) 12x12 or {(b) 18x18) mm St chips with {a) 10x10 (or (b) 18x16) 
5 arrays of chemicariy etched wells, each 800x800 lim on a side with 
depths ranging from 99-400 (or{bi 1 20) micrometer, pitch (a) 1 ,0 (or(b) 
1 .125) mm; (7) 15x1 5 mm Si chips with 28x28 arrays of chemically 
etched wefis, each 450x450 micrometer on a side with depths ranging 
from 48-300 micrometer, pitch 0.5 mm; f8)fl«t polycarbonate or other 

10 plastics; (9) gold and other metals; |10) membranes; (11) plastic surfaces 
sputtered with gold or other conducting materials. The dispensed 
volume is controlled from 10 '° to 10 « L by adjusting the number of 
droplets dispensed. 

Sample Preparation and Dispensing 

15 1. Serial 

Oligonucleotides {0,1-50 ng/mlcroliter of different sequence or 
concentrations were loaded into wells of a 96 well microtiter plate; the 
first wall was reserved for matrix solution. A pitted chip {target 6a in 
MALDI targets' section) was placed on the stage and aligned manually. 

20 into the {Windows-based) robot control software were entered the 
coordinates of the first well, the array siie (ie number of spots In x and 
y) and spacing between eiements, and the number of 0.2 nL drops per 
array element. The capillary was filled whh ~ 10 /A rinse HjO, 
automatically moved in view of a strobe light-lliuminated camera for 

25 checking tip integrity and cleanliness white In continuous pulse mode, 
and emptied. The capillary was then flUed with matrb< solution, egain 
checked at the stroboscope, and then used to spot an array onto flat or 
pitted surfaces. For reproducibilty studies In different MS modes, 
typically a 1 0x10 array of 0.2-20 nL droplets were dispensed. The 



SUBSrmiTE SHEET (RULE 26} 



W09M1Z78 



FCT/US98/2(718 



-69- 

capiUary was emptied by application of positive pressure, optionally 
rinsed with H2O, and led to the source oligo plate where -5^L of 0*05- 
2.0/iM synthetic oligo were drawn. The capillary was then rastered in 
series over each of the matrix spots with 0.2-20 nL aqaeous solution 
5 added to eech. 

2. Parallel 

Parallel Programs were written to control erray making by offset 
printing; to make an array of 64 elements on 10 wafers, for example, the 
tool was dipped into 16 weifs of a 3 84 well DNA source plate, moved to 

10 the target (e.g. Si, plastic, metal), and the sample spotted by surface 
contact. The tool was then dipped into the same 16 wells and spotted 
on the second target; this cycle was repeated on alJ ten wafers. Next 
the tool was dipped in washng solution, then drpped Into 16 different 
wells of the source plate, and spotted onto the target 2.25 mm offset 

t5 from the initial set of 16 spots; again this was repeated on all 10 wafers; 
the entire cycle was repeated to make a 2x2 array from each pin to 
produce an 8x6 array of spots (2x2 eEements/pin X 16 pins « 64 total 
elements spotted}. 

To make arrays for MS analysis, oligonucleotides of different 

ZD sequences or concentrations were loaded into the wells of up to three 
different 384-well microtiter plates, one set of 16 wells was reserved for 
matrix solution. The wells of two plates were filled with washing 
solutran. The five microtiter plates were loaded onto the slide-out tooling 
plate. Ten wafers were placed abutting the banking pins on the tooling 

25 plate, and the vacuum turned on. In cases where matrix and 

oligonucleotide were not pre-mrxed, the pintool was used to spat matrix 
solution first on all desired array elements of the ten wafers. For this 
example, a 16\ 16 array was created, thus the tool must spot each of 
the ten wafers 16 times, with an offset of 1 .125 mn\ Next, the 
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oligonucleotide solution was spotted in the same pattern to re-dissofve 
the matrix. Similarly, an array could be made by placing the 
oJigonucieotide solution on the wafer first, followed by the matrix 
solution, or by pfe-mb(ing the matrix and oligonucleotide solutions, 
5 Mass spectrometry 

Subsequent to either dispensing schemOr loaded chfps were hsfd 
onto a MALDI-TOF source plate with a set of beveled screw mounted 
poly carbonated supports. The plate was transferred on the end of a 
probe to be held onto a 1 resolution, 1 " travel xy stage (Newport) fn 
10 the source region of a time-of-flight mass spectrometer. The instrument 
normally operated with 18-26 kV extraction, could be operated In linear 
or curved field reflectron mode, and fn continuous or delayed extraction 
mode. 

Serial dispensing with the piezoelectric pipette 
15 While delivery of a saturated 3HPA solution can result in tip 

clogging as the solvent at the capiflary-air Interface evaporates, pre- 
mixing DNA and matrix sufficiently dilutes the matrix such that it remains 
in solution while stable sprays which cculd be maintained until the 
capillary was emptied were obtained; wrth in diluted (in HiO) matrix 
20 solution, continuous spraying for > > 10 minutes was possible. Turning 
off the piezo element so that the capillary sat inactive for >5 minutes, 
and reactivating the plezo element also did not result in a ciogged 
capillary. 

Initial experiments using stainless steef sample targets as provided 
25 by Finnfgan Vision 2000 MALDMOF system run in reflectron mode used 
a pre^mbced solution of the matrix and DNA prior to dispensing onto the 
sample target. In a single microliter well, 50^L saturated matrix solution, 
25/iL of a BiyiL solution of the 12-mer (ATCG)3 {SEQ fD No, 3), and 
25/Jl of a 5t/iL solution of the 28-mef {ATCG)7 {SEQ ID No. 4| v;ere 
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onto a Finnigan Vision 2000 sample target dislc; MALDI-TOF mass 
spectrum was obtainad irom a single array element which contained 750 
Bttomoies of each of tha two oligonucleotides. Interpretable mass spectra 
5 has been obtained for DNA molecules as large ea a 53-mer <350 amol 
loaded., not shown) using this method. 

Mass spectra were also obtained from DNA molecules 
mfcrodiapensed into the wells of a sllfcon chip. Figure 10 shows a 
1 2x1 2 mm silicon chfp wfth 100 chemically etched welJs; mask 

10 dimensions and etch time were set such that fustum (i.e., inverted flat 
top pyramidaJ) geometry welts with 800x8CX}/vm (top surface) and 100//m 
depth were obtained. Optionally, the wells can be roughed or pitted. As 
described above, the chip edge was aligned against a raised surface on 
the stage to define the x and y coordinate systems with respect to the 

15 capiflary. (Altematrves include optical alignment artificial intelligence 
pattern recognitfon routines, and dowel-pin based manual afignment). 
Into each well was dispensed 20 droplets (--5 nL) of 3-HPA matrijc 
solution without analyte; for the 50% CH3CN solution employed, 
evaporation times for each droplet were on the order of 5-10 seconds, 

20 Upon solvent evaporation, each miorodlspensed matrix droplet as viewed 
under a 120X stereomicroscope generally speared as an amorphous and 
'milky' flat disk; such appearances are consistent with those of droplets 
from which the Figure 3b spectrum was obtained. Upon tip emptying, 
rinsing, and refilling with a 1 .4/m aqueous solution of a 23-mer ONA 

25 (M,(calc) = 6967 Da), the capillary was directed above each of the 1 00 
spots of matrix where 5 nL of the aqueous DNA solution was dispensed 
directly on top of the matrix droplets. Employing visualization via a CCD 
camera, it appeared that the aqueous analyte solution mixed with and re- 
dissolved the matrix (complete evaporation took tO sec at ambient 
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temperarure and hunnidity). The amorphous matrix surfaces were 
converted to true micro-crystalline surfaces, with crystalline features on 
the order of <^ iJm. 

Consistent with the improved crystallization afforded by the matrix 
5 re-dissolving method, mass spectrum acquisition appeared more 

reproducible than with pre-mixed matrix plus analyte solutions; each of 
the 100 five fmol spots of the 23-mer yielded interpreted mass spectra 
(Figure 1 1), with 99/100 parent ion signals having signal to noise ratios 
of >5; such reproducibility was also obtained with the fiat silicon and 

10 metallic surfaces tried (not shown). The Figure 1 1 spectra were obtained 
on a linear TOF instrument operated at 26 kV. Upon Internal calibration 
of the top left spectrum (weil 'k1') using the singly and doubly charged 
molecular Ions, and application of this calibration file to all other 99 
spectra as an external calibration (Figure 12), a standard deviation of <9 

1 5 Da from the average molecular weight was obtained, corresponding to a 
relative standard deviation of "0.1%. 

Parallel dispensing with the robotic pintool 
Arrays were made with offset printing as described above. The 
velocity of the X and Y stages are 35 inches/sec, and the velocity of the 

20 Z stage is 5.5 inches/sec. It ia possible to move the X and Y stages at 
maximum velocity to decrease the cycle times, however the speed of the 
Z stage Is to be decreased prior to surface contact with the wafer to 
avoid damaging it. At such axes speeds, the approximate cycle time to 
spot 16 elements (one tool impression of the game solutions) on all ten 

25 wafers Is 20 seconds, so to malce an array of 256 elements would take 
-5.3 minutes. When piacing different oligonucleotide solutions on the 
array, an additional washing step much be incorporated to clean the pin 
tip prior to dipping in another solution, thus the cycle time would 
increase to 25 seconds or 8.7 minutes to make 10 wafers. 
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Sample defivery by the tool was examined using radio-labeled 
solutions and the phosphorimager as ddficribed previously; it wa& 
determined that each pin delivers approximately T nL of liquid. The spot- 
to-spot reproducibritty is high. An array of 256 oligonucleotide elements 
5 of varying sequence and concentration was made on flat silicon wafers 
using the pJntool, and the wafer was analyzed by MALDI-TOF MS* 

EXAMPLE 3 

Use of High Density Nucleic Acid Immobllizaftron to Generate NucleEc Acid 
Arrays 

10 Employing the high density attachment procedure described in 

EXAMPLE 1 , an array of DNA oligomers amenable to MALDI-TOF mass 
spectrometry analysis was created on a sHtcon wafer having a plurality of 
locations, e^, depressions or patches, on Its surface. To gsnerate the 
array, a free thiol-containfng oDgonucleotide primer was immobilized only 

IS at the selected (ocations of the wafer le.a.. see Figure 13). Each 
locBtion of the array contained one of three different oligomers. To 
demonstrate that the different Immobilized oligomers could be separately 
detected and distinguished, three distinct oligonucleotides of differing 
lengths that are complementary to one of the three oligomers were. 

20 hybridized to the erray on the wafer and analyzed by MALDI-TOF mass 
spectrometry. 

Oligodeoxynucleotides 

Three sets of complementary oligodeoxynucleotide pairs were 
synthesized In which one member of the complementary oligonucleotide 
25 pair contains a 3'- or 5'-disulflde linkage (purchased from Operon 
Technologies or Oligos, Etc.). For example. Oligomer 1 
(dfCTOATGCQTCGGATCATCTTTTTT-SSI; SEQ ID NO: 5) contains a 3'- 
disulfide linkage whereas Oligomer 2 {d(SS* 

CCTCTTGGGAACTGTQTAGTATT): a B'-dlsulfrde derivBtfve of SEQ ID 
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NO: 61 and Oligomer 3 (d(SS-GAATTCGAGCTCQGTACCCGQ); a 5 - 
dieulfidd derivative of SEQ ID NO: 1) each contain a 5'-di$ulfide linkage. 

Tlie oligonucleotides complementary to OJigomara 1-3 were 
designed to l3e of different lengths that are easily resolvable from one 
5 another during MALDI-TOF MS analysis. For example, a 23-mer 
oligonucleotide (SEQ ID NO: 7) vi^s synthesized complementary to a 
portion of Oligomer 1, a 12-m6r oligonucleotide (SEQ ID NO: 8) waa 
synthesized complementary to a portion of Oligomer 2 and a 21-mer 
(SEQ ID NO: 2; sequence denoted "iWJMe" in EXAMPLE 1) was 

10 synthesized complementary to a portion of Olrgomer 3. In addition, a 
fourth 29^mer oligonucleotide (SEQ ID NO: 9) was synthesized that lacks 
compiementarity to any of the three oligomers. This fourth 
oligonucleotide was used as a negative controL 

Silicon surface chemistry and DNA Immobilization 

15 (a) 4x4 (16-location) array 

A 2 X 2 cm^ silicon wafer having 266 individual depressions or 
wells in the form of a 1 6 X 16 well array was purchased from a 
commercial supplier (Accelerator Technology Corp., College Station, 
Texas t. The wells were 800 X 800>wn^ 120 /im deep, on a 1 .1 25 

20 pitch. The silicon wafer was reacted with 3-aminopropyltriethoxysilane 
lo produce a uniform layer of primary amines on the surface and then 
exposed to the heterobffunctronal crosslinker SIAB resulting in 
iodoacetamido functionalities on the surface (e>q. . see Figure 7). 

To prepare the oligomers for coupling to the various focations of 

25 the Silicon array, the disulfide bond of each oligomer was fully reduced 
using 10 mM TCEP as depleted in EXAMPLE 1, and the DNA 
resuspended at a final concentration of 10 ;/M in a solution of 100 mM 
phosphate buffer, pH 8.0, Immedieteiy folfowrng disulfide bond 
reduction, the f ree-thiol group of the oligomer was coupled to the 
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iodoacetamido functionality at ! 6 location& on the wafer using the probe 
coupling conditions essentially as deacribed In Figure 7. To accomplish 
the aeparate coupling at 1 6 distinct locations of the wafer, the entire 
surface of the wafer was not flushed with an oNgonucleotide solution 
5 but. instead, an -30-ni aliquot of a predetermined nriodified oligomer 
was added in paralleJ to each of 16 iocetions (i.e«, depressfons) of the 
256 wells on the wafer to create a 4 x 4 array of immobrlized DNA using 
a pin tool as described herein (see e.g.. the Detailed Description and 
Example 4 provided herein), 

10 Thus, as shown in Figure 13, one of modified OKgomers 1-3 was 

covalently immobilized to each of 16 separate weJIs of the 256 wells on 
the silicon wafer thereby creating a 4 x 4 array of immobilized DNA, For 
example. Oligomer 1 was conjugated at a well positron in the upper left 
hand corner of the 4 x 4 array and Oligomer 2 was conjugated to the 

15 adjacent location, and so forth. An illustration of the compfeted array is 
shown in Figure 13. 

fn carrying out the hybridization reaction, the three complementary 
oligonucleotides and the negative control oligonucleotide were mixed at a 
ffnal concentration of 10 ^IVI for each oflgonucleotide In 1 ml of TE buffer 

20 no mM Tris-Ha, pH 8.0, 1 mM EDTA) supplemented with 1 M NaCI, 
and the solution was heated at 6S"C for 10 min. immediatelv thereafter, 
the entire surface of the silicon wafer was flushed with 800 jj\ of the 
heated oligonucleotide sotution. The complementary oUgonucleotides 
were annealed to the immobilized oligomers by incubating the sflicon 

25 array at ambient temperature for 1 hr, followed by incubation at 4''C for 
at least 10 min. Alternatively, the oGgonucleotide solution can be added 
to the wafer which Is then heated and allowed to cool for hybrldKation. 
An Illustration of the complementary olrgonucleotides annealed to the 
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speoific oligomers covalentiy immobiGzed at each location is shown in 
Figure 14. 

The hybridized array was then washed with a solution of 50 mM 
ammonium citrate buffer for cation exchange to remove sodium and 
5 potassium ions on the ONA baclcbone IPieles, U. et al., (1 993) Nucl. 
AsMg_Bsai^21:3191>3196). A 6-nl aliquot of a matrix solution of 3- 
hydroxypicoHnic acid (0.7 M 3-hydroxvpiooUnlc acid-IO % ammonium 
citrate in 50 % aceionitrile; see Wu e| aL Rapid Commun. Maas 
SQ£Strom»2:142-146 (1993}} was added to each location of the array 
10 using a piezoelectric p^ette as described herefri. 

The solution was allowed to dry at ambient temperature and 
thereafter a 6-nl alrquot of water was added to each location using a 
piezoelectric pipette to resuspend the dried matrix-ONA complex, such 
that upon drying at ambient temperature the matrix-DNA complex forms 
15 a unifonD crystalline surface on the bottom surface of each location > 
MALDI-TOF MS analysis 

The MALDI-TOF MS analysis was psrfomned in series on each of 
the 16 locations of the hybridization array Pluatrated in Figure 14 
essentially as described in EXAMPLE 1. The resulting mass spectrum of 

20 oligonucleotides that spsctfically hybridized to each of the 16 locairons of 
tha DNA hybridization array is shown in Figure 15. The mass spectrum 
revealed a specific signal at each location representative of observed 
experimental mass-to-charge ratio corresponding to the specific 
complementary nucleotide sequence. 

2S For example, in the locations that have only Oligomer 1 conjugated 

thereto, the mass spectrum revealed a predominate signal with an 
observed experimental mass-to-charge ratio of 7072.4 approximately 
equal to that of tha 23-mer; the theoretical mass-to-charge ratio of the 
23-mer is 7072.6 Da. Similarly, specific hybridization of the 1 2-mer 
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Qltgonucleotide to the array, obeerved experimental mass-to-charge ratio 
of 361 8«33 Da (iheoretfcal 3622.4 Da)* was detected only et those 
locations conjugated with Oligomer 2 whereas specific hybridization of 
MJM6 (observed experimental mass«-to-oharge ratio of 641 5.4} was 
5 detected only at those locations of the array conjugated with Oligomer 3 
(theoretical 6407.2 Dal. 

None of the tocations of the array revealed a signal that 
corresponds to the negative control 29-mer oligonucleotide (theoretical 
mass-to^harge ratio of 8974.8) indioating that specific target DNA 
10 molecules can be hybrrdlzed to oligomers oovalentfy immobilized to 
speoific locations on the surface of the silicon array and a plurality of 
hybridization assays may be individually monitored using MALDI-TOF MS 
analysis. 

(b) 8x6 r64-locetton) array 

^5 A 2 X 2 cm^ silicon wafer having 256 rndlvidual depressions 

or wells that form a 16 X 1 6 array of wells was purchased from a 
commercial supplier (Accelerator Technology Corp., College Station, 
Texas ). The wells were 800 X 800 //m^ 120 fjm deep, on a 1-1 25 
pitch. The siljcon wafer was reacted with 3-aminopropyltrieThoxysilane 

20 to produce a uniform layer of primary amines on the surface and then 
exposed to the heterobifunctional crosslinker SIAB resulting in 
lodoaoetamido functionalities on the surface <g^, see Figure 7). 

Following the procedures described above for the preparation of 
the 16-looation DNA array, Oligomers 1-3 were immobilfzed to 64 

2B locations forming an 8 X 8 array on the 256 well silicon wafer, 

hybridized to complementary oligonucleotides and analyzed by MALDI- 
TOF MS analysis. Figure 16 shows the mass spectrum of the 64- 
locatron DNA array analyzed in series by MALDI-TOF analysis. As shown 
for the 16-location array, specific hybridization of the compi mentary 
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SP6 RNA Polymerase Transariptian 

Jq 2diLS transcription of tiie nickod DNA templates was performed 
in 20 /A reactions of 40 n\M Trfs-HCI |pH 7,0), 6 mM MgClj, 2 mM 
spermidine, 10 mM NaCl, lOmlW ditJiloihreitof, 1 unkifA RNasin 
5 IPromegaJ, 5 mM rNTP, BfiCi lff-32PlrCTP, 1 unit///l SP6 RNA polymerase 
(Amersham, Arlington Heights. MJ at 37°C for 30 minutes. Abortive end 
full length RtMA transcripts were separeted by gel electrophoresis and 
quantified by measuring the radioactivity of individual RNA fragments by 
drying the polyaorylamfde gel and measuring the radioacttvrty as 

10 compsred to a Icnown standard using a Pliosphoimager (Molecular 
Dynamics, Inc.). The efficiency of full-length RNA transcr^ion of a 
nicked DfJA template was calculated as a percentage the moles of full 
length RNA transcribed from a DNA template containing no nicks. The 
nick by pass efficiency of a nicked DNA template was calculated as a 

15 percentage of the moles full-length RNA transcript and the moles of RNA 
transcrqxt stalled at the nkslc. 

As illustrated in Tahie 1 , the transcription of a full-length RNA 
proceeds with 88-94% efficiency when a nick is introduced into the 
coding strand after nucleotides +7, +8, +9 or + 19 relative to the start 

20 of transcriptkin. 



TABLE 1 



25 





6-m«r 
RIMA (%> 


Nick-stalled 


Full- Length 
RNA {%) 


Nick-Bvpass 

E-fficlency 

(%> 


Ref. 






(100) 


100±0 


1W+7U 




12-45,4 




e8.5±5.1 


1NH8U 


187.44:39.9 


5.3=4.2 


87.1+4.3 


94.3±0.5 


1N^9U 


232.7±49.e 


10,1 ±1.1 


65,7 ±4.4 


87.6±1.8 


1N+19U 


27B.6±33.8 




e4.8±4.5 


90.9*0.4 
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EXAMPLE 5 

DNA Sequencing ueing T7 RNA Potymerese 

5 1. Design of Template and Prinner Sequences 

All primers were synthesized on a commercially available DNA 
Synthesizer using conventional phosphoroamidlte chemistry (Sinha el eT, 
(1 984) Nucleic Acid Res. 12;4539) . In vitro RNA transcription was 
performed on a synthetic 276 nucleotide double-8tranded DNA template 
TO fSEQ ID No, 13, which includes a T7 promoter). 
2. ONA Sequencing 

DNA sequencing of a target DNA template was carried out in 10 pi 
reacttor)S of 40 mM Tris-HCI (pH 7.9), 6 mM MgCI^, 2 mM neutralEzed 
spermidine, 5 mM dithiothreitol, 300 nIVI rCTP, 300 nM rATP, 300 nM 

15 rUTP, 300 nM rITP, 600 nM rGMP, 10 /t/CI to-«P} rCTP or UTP, 10-300, 
generally 10-50//M 3'-deoxynucteotlde, 0,5-1.0 pmole linaarlzed or 
supercoiled DNA template, 4 units RNasin (Promega), 10 unit/;/! T7 RNA 
polymerase |USB) at 37^C for 30 minutes. Chain termination fragments 
RNA transcripts were separated by gel electrophoresis using 8% or 13% 

20 polyacrylamide geJ. 

DNA sequencing ladders of RNA terminated fragment were 
generated up to 180-200 bases. This exemple shows that T7 RNA 
polymerase can specif Icaliy incorporate modified 3'-deoxyribonucleQs[des 
triphosphates as a base-specific chain terminator to generate nested RNA 

25 transcripts for sequencing nucleic acids. 

Since modifications will be apparent to those of skill in this art, it 
is intended that this invention be limited only by the scope of the 
appended claims. 
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WHAT IS CLAIMED: 

T. A method for determining the sequence of a target nucieic 
acid molecule, comprising: 

a) providing a nucleic acid molecule comprising a promoter and 

5 target nucleic acid sequence operatively iinked to the promoter, wherein 
the nucleic acid molacuJe Is Immobilized on a soild support; 

b) transcribing the promoter-containing nucleic acid molecule writh 
an RNA polymerase that recognizes the promoter under conditions 
whereby a nested set of RNA transcripts from the target Is produced; 

10 and 

c) determining the molecular weight values of the transcripts by 
mass spectrometry and thereby determining the nucleic acid sequence of 
the target mDlaoule. 

2. The method of claim 1, wherein the promoter-containing 
IS nucleic add molecule is immobiiized via the 5' end of the coding strand 

or the 3' end of the non-coding strand. 

3. The method of daim 1, wherein the nucleic acid is DNA or PNA. 

4. The method of any of claims 1-3, wherein the nucleic acid 
molecule comprising a promoter and target Is prepared by: 

20 hybridizing a nucieic acid promoter-containing probe having a 

coding and nonooding strand to a nucleic acid molecule comprising a 
target nucleic aoid sequence, wherein hybridization occurs between e 
single stranded region of the promoter-containing probe and a 
complementary single stranded region at one end of the molecule 

25 comprising the target. 

5. The method of claim 4, wherein the molecule comprising the 
target is single-stranded and the portion comprising the complementary 
single-stranded region is at the 3' end of the target-containing molecule; 
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and the promoter containing probe mdeeufe Is doubJs-stranded 
with a single-stranded region of at least 5 nucleotides at the 3' end of 
the coding strand, wiiereln at least 5 contiguous nucleotides are 
complementary to the single-stranded portion of the target-containing 
5 molecule. 

6. The method of claim 4, wherein: 

the molecuJe comprising the target is double-stranded except for a 
single-stranded region at one end that comprises at least 5 contiguous 
nucleotides comptementary to the single-stranded portion of the 
10 promoter-containing molecule; and 

the single-stranded portion of the promoter-containing molecule is 
at same end, relative to the promoter, that the single-stranded region Is 
on the target-containing molecule. 

7. The method of any of claims 4-6, wherein the promoter- 
15 containing molecule is immobltoed on the solid support prior to 

hybridization of the target-contalnfng molecule. 

8. The method of any of claims 4-6, wherein hybridixation is 
performed prior to Immobilization of the promoter-containing molecule on 
the solid support. 

^ 9- The method of any of claims 4-8, wherein nicks in the 

resulting molecules are ilgated prior to transcription by the RNA 
polymerase. 

10. The method of any of claims 1-9, wherein the nucleic acid 
molecule oompriting a promoter and target nucleic acid is transcribed 

25 with an RNA polymerase to produce a plurality of base-specifically 
terminated RNA transcripts. 

1 1 , The method of any of claims 1-9, wherein the nucleic acid 
molecule comprising a promoter and target nucleic acid is transcribed 
with an RNA polymerase to produce a set of RNA transcripts that are 



SUBSTITUTE BHEET (HUL£ 28) 



wo 99/31278 PCT/US98.'267I9 



-83- 

Then specifically cleaved wrth basB-speclfIc ribanucleases to produce a 
set of cleaved fragments whose molecule weight values are assessed by 
mass spectrometry. 

12. The method of any of claims 1-1 1 wherein the sequence of 
5 all or a portion of the target nucleic acid is determined by the RNA 

transcripts according to molecular w«ght, 

13. The method of any of damns 1-12, wherein the nuoieic acid 
molecule coniprising the promoter is produced by immoWflzing a single- 
stranded molecule that comprises a promoter or the complement of a 

10 promoter and hybridizing a fragment that comprises the complement 
thereof, whereby the resulting molecule comprises e double-stranded 
region containing a promoter and a single-stranded portion of at least 5 
nucieotidas. 

1 4. The method of any of ciaims 1 -1 3. wherein the promoter is 
1 6 selected from the group consisting of phage, egkaryotic and prolcaryotic 

promoters. 

1 B. The method of claim T4, wheran the promoter is selected 
from arehaebacteria, eubacteria, bacteriophages, DNA viruses, RI^A 
viruses, plants, plant viruses and animal promoters, 

^ ®- The method of any of claims 1-15, vwherein the RNA 
poiymerase is a DNA-dependent RNA polymerase or an RNA-dependant 
RNA polymerase. 

17. The method of any of claims 1 -1 6, wherein the RNA 
polymerase is selected from the group consisting of phage, eukaryotic 

25 and prokeryotic polymerases. 

18. The method of claim 17, wherein the polymerases is 
selected from archaebacteria, eubacteria, bacteriophages, ONA viruses, 
RNA viruses, plants, plant viruses and animal polymerases. 
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1 9. The method of any of claiin6 1-18, wherein the RNA 
polymerafie is selected from the group consisting of Escherichia coli RNA 
poiymerase, T7 RNA polymerase. SP6 RNA polymerase, T3 RNA 
polymerase and replicase. 
5 20. The mathod of any of claims 1-19, wherein prior to 

innmobilization of the nucleic acidj the surface of the support Is 
derivatized by reacting the surface with an aminosiiane to produce 
primary amines on the surface of the support. 

21 , The method of claim 20, wherein the aminosiiane is 3- 
10 aminopropyltridthQxyailanB. 

22- The method of claim 21, funher comprising reacting the 
primary amines on the surface of the support with a thiol-raactive cross- 
linking reagent to form a thiol-reactive solid support. 

23. The method of claim 22, wherein the thiol-reactive oross- 
15 linking reagent is N-succinimidyl (4Modoacetyll aminobenioate (SIAB). 

24. The method of claim 22, wherein the innmobilization of the 
nucleic acid probe to a solid support is effected by reacting the thtei- 
reactive solid support with a nudaic add probe having a free 5-' or 3'- 
thiol group, whereby a covalent bond between the thiol group and the 

20 thfolH'eactive solid support Is formed. 

25. The method of any of claims 1-21 , wherein the nucleic acid 
molecule js immoblBzed to the surface the solid support at a density of at 
least 20 fmol/mm^ by a covalent linicage. 

26. The method of any of claims 1-25, wherein the niicleic acids 
25 are immobilized on the surface of the solid support rn the form of an 

array. 

27. The method of any of claims 1-26, wherein the solid 
support is silicon or srilcon coated. 
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28. The method of any gf claims 1-27, wherein the surface 
comprises a plurality of wells comprising the immobilized nucleic acid 
molecule^ 

29. The method of cfaim 28, wherein the wells have a rough 
5 Interior surface. 

30. The method of claim 28, wherein the solid support has a 
rough surface. 

31. The method of claim 2&, wherein the surface of the welfs rs 

pitted. 

10 32. The method of any of claims 1-31 

wherein the transcription reactions are performed in the presence of a 
ribonucJeoside triphosphate analog, whereby the resulting RNA 
transcripts have reduced secondary structure or the fidelity of temiination 
and turnover of the RNA polymerase enryme is increased compared to 

15 RNA transcripts formed from ribonucleoslde triphosphatase. 

33. The method of oielm 32, wherein the transcription reactions 
include one or more analogs selected from among inosine 5 '-triphosphate 
frTP), 4-thio uridine 5 'triphosphate <UTPK S-bromo UTP and 5'-iodo CTP. 

34. The method of any of claims 1-33, wherein -die nucleic add 
20 is immobilized to the solid support via a linker. 

35. The method of claim 34, wherein the {rni<ege formed by the 
linker is reversbie. 

36. The method of clarm 34, wherein the linkage formed by the 
Trnker is irrevereible. 

25 37* The method of claim 34, wherein the linkage formed by the 

linker is photolablle, acid labile or Qhemically deavable- 

38. The method of any of claims 1-37, wherein transcription is 
performed in the presence of one or more 3'-deoxyribonucleoxides. 
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as. The method of any of claims 1-38, further comprifiing: 
adding a matrix material for mass spectrometry to the surface of 
the support before or after irnmoblliution of the nucleic acid. 

40. The method of any of cleims 1-39, wherefn the HNA 
5 transcripts are conditioned prior to performing mass spectrometry. 

41 . The method of any of clarms 1-4, wherein the hybridization 
of the nucleic acid containing the target sequence to the promoter- 
containing molecule results In the formation of a nick In the coding strand 
corresponding lo positions beyond + 6 relative to the start of 

10 transcription from the promoter, 

42. The method of claim 24, wherein the nick is at position 
+ 7, +8, -h9 or +19. 

43. The method of claim 1, comprising: 

a) immobilizing a nucleic acid promoter-containing probe on e 
IS solid support, wherein the nucleic acid promoter-containrng probe 

comprises at least 5 nucleotides at the 3'-end of the coding strand that is 
complementary to a single-stranded region at the 3'-end of the target 
nucleic acid; 

h) hybridizing the nucleic acid to be sequenced to the 
20 immobilized nucleic acid probe; 

c} transcribing the target nucleic acid with an RNA polymeraae 
to produce a plurality of base-specifically terminated RNA transcripts, 
wherein the RNA polyn^rase recsognizes the promoter; end 
d) determining the molecular weight value of each 
25 base-speciflcatly terminated RNA transcript by mass spectrometry. 

44. A method of identifying transcriptional terminator sequences 
or attenuator sequences, oomprising: 

a) immobilizing a nucleic acid promoter-containing probe on a 
solid support, wherein the nucleic acid promoter-containing probe 
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comprlses at least 5 nucleotides at the 3' -and of the coding strand that is 
compiementary to A shgie stranded region at the 3'-end of the target 
nucleic acid; 

b) hybridizing the nucleic acid to be sequenced to the 
5 immobilized nudeic acid probe: 

c) transcribing the target nucleic acid with an RNA polymerase 
to produce a sequence-terminated RNA transcript, wherein the FiNA 
polymerase recognizes the promoter; and 

d) determining the molecular weight value of the RNA 

0 transcript by mass spectrometry, whereby the tenninator sequence or 
attenuator is identified. 
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k1 

696B Da 
170 RP 


k2 
696a Oo 
IQO RP 


k3 
6988 Do 
90 RP 


k4 
6977 Do 
100 RP 


k5 

6971 Do 
170 RP 


k6 
6368 Do 
110 HP 


k7 
6972 Do 

i cn tin 

160 RP 


k6 
6978 Oo 

1 1A CD 

110 nr 


k9 
6952 Do 

j^cA an 


klO 
6965 Do 
300 RP 


11 

6965 Dg 
iJO KP 


12 

6989 Do 


13 

6982 Oo 


14 

6996 Dq 
DD 


15 

6982 Oo 

ICA DD 
IDO 


16 

6968 Do 

IRA DD 

100 Kr 


17 

6984 Do 
1 tn DD 


16 

6968 Do 

Kr 


19 

6996 Do 

flA DP 


no 

6968 Do 

DD 
100 Kr 


ml 
6966 Do 
19Q RP 


in2 
6979 Do 
120 RP 


6975 Oo 
120 RP 


696B Da 
190 RP 


mS 
6976 Do 
110 RP 


fn6 
6986 Do 
1ZD Rr 


m7 
6973 Oo 

4 cn nn 

loO RP 


6978 Da 
loO RP 


m9 
6975 Do 

ATA DD 


mtO 
6955 Do 
250 RP 


n1 

6961 Do 
340 RP 


n2 
6971 Do 
18Q RP 


n3 
6970 Da 
150 RP 


n4 
6960 Do 
300 RP 


nS 
6965 Da 
120 RP 


n6 
6953 Do 
210 RP 


n7 
6971 Do 
140 fi? 


n6 
6962 Do 
160 RP 


n9 
6957 Do 
150 RP 


nIO 
6960 Do 
160 RP 


01 

6965 Oo 
HO RP 


o2 
6960 Oq 
230 RP 


o3 
6976 Da 
200 RP 


o4 
6953 Do 
250 RP 


oS 
6983 Do 
110 RP 


o6 
6967 Do 
250 RP 


o7 
6970 Do 
150 RP 


o6 
6973 Do 
70 RP 


09 
6953 Do 

140 RP 


olO 
6S52 Do 
140 RP 


6976 Do 
tin RP 


P2 
6961 Do 
an RP 


P3 
6972 Do 
IAD IH> 


P4 
6969 Da 
Qf) RP 


p5 
6984 Do 
1W RP 


p6 
6968 Do 
100 RP 


P7 
6958 Do 


ps 

69B1 Do 
100 RP 


P9 
6976 Do 
110 RP 


plO 
6965 Do 

ISO RP 
>wv i«r 


6976 Do 
170 RP 


q2 
6985 Oo 
too RP 


q3 
8990 Do 
120 RP 


6989 Do 
90 RP 


q5 
6984 Do 
90 RP 


q6 
6969 Do 
170 RP 


q7 
6979 Do 
70 RP 


q8 

6966 Do 
140 RP 


q9 
6973 Do 
120 RP 


qlO 
6950 Do 
120 RP 


rl 

8966 Da 
130 RP 


r2 

6960 Oo 
150 RP 


r3 

6969 Oo 
100 RP 


r4 

6964 Do 
160 RP 


r5 

6966 Do 
130 RP 


r6 

6970 Oo 
110 RP 


r7 

6972 Do 
90 RP 


rS 

6939 Do 
130 RP 


f9 

69S1 Da 
230 RP 


flO 
6965 Do 
200 RP 


si 

G963 Da 
130 RP 


s2 
6953 Do 
210 RP 


s3 
6970 Do 
120 RP 


S4 
6971 Do 
170 RP 


s5 
6957 Da 
130 RP 


s6 
6956 Oo 
160 RP 


s7 
6966 Do 
140 RP 


s8 
€975 Da 
120 RP 


s9 
6951 Do 
230 RP 


filO 
6969 Oo 
120 RP 


U 

6974 Oo 
90 


t2 

6958 Do 
160 RP 


(3 

8959 Da 
120 RP 


W 

6952 Do 
100 RP 


t5 

6959 Oo 
110 RP 


16 

6954 Do 
10O RP 


17 

6950 Do 
160 RP 


t8 

6974 Do 
140 RP 


19 

6967 Da 
150 RP 


110 
6950 Do 
230 VP 
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(i) GENBJiAT, T^JFORMATIOK 

li) APPLXCAN?: 

(A) NAM?:! BEOUENOM, INC. 

(B) srRSET; 11555 Sorrento Valley Road 
IC) CITY; aan Diftgp 

(i:) SrATE: C'al.-ifornia 

{E) COUMTRYt USA 

(F) POSTAL CODE (ZIP) : 92121 

(i) RPPLTCATIT: 

(A) NAXB: KOREA AD\'AKCS3 INSTTTOTE 07 5CI3NCE AND TBCHKOIiOCY 

(E) STHEirr: Kuflong-doag 

iv) CTTY: TaCjcn 3D5 701 

(D) STATE; Yu&ong-gu 

(£) coum'KY; Remiblic of J(ocea 

(F) POSTAL CODE (ZIP^ : 92121 

•:i) riP/Bl%TOE 

CA; 1TAMB: Changvoxi Kang 

(B5 STRBsTT: Expo Apt. 305-101, 461 -L Jeoniiiii-dong 

(C) CITY: Taejon 301>-J90 
<D} (STAT?!: Yuaonc^ 

<D; COUNTRY: REPUBLIC OF KORBA 
iE) ?OSTA-t COI^B (EI?;* : 

iij iNVfiMTOR 

(A) NAMki: Young-Soo Kwon 

IB; CTRBET: 25-2 Mangwol -ciong 

ICJ CITY: K9i'angju 500-500 

fD) STATE J i^ak-gu 

(O) OOllKTRYi Republic of Korea 

IB) POSIAL QOD^ (ZIP) ; 



Ci) lir^ENTOR; 

(A) NAME: Young xae Kim 

(D) STRBF~: flungwrtn 7\pt. 2 204^ 162 fJongpa - 2 - dong 

(C) CITY: Seoul 13a -172 

(D'l 3TATE: Sojigpa-gu 

(LJ) COUNTRY: RFPlJRbTC 

{7.1 PO.STAL CODE UIP) : 



(i> iir^rarroR: 

•:a> NAME! HiJ:>ert Roster 

{3) STPJSET: 836 Via Maliorca Dvive 

;c) CITY: La JoUa 

{Ti) S7ATH: Calif atrnia 

(D) COUNTRY 1 USA 

m POSTAL CODE (ZIP) : 92037 

(i) TWRWTOHt 

(A) NAME I l>ani6l P. Litcle 

(B) STREET: 2^3 Olendale La^e Rd. 

(C) CITY I Patton 

(D) STATE i Pennsylvadia 
{D} COUNTRY: USA 

(E) ^7STA:1 COOTi (SIP) 1 186 6d 
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(A) MAJOE; Mar«/anae O'Donnell 
IJ\) STREET: 

iC) CITY; 

(D) STATE; 
in) rOITNTRY: 

(E) POSTAL CODE (ZIP) : 

(^J INVENTOTI: 

{Aj lOAl'lB: Goublng 3^1 ang 

(B) STREET: 113 31 ZaT^^te Ave. 
\X) City; Gan :^iegj>' 

(Dj STATE 5 California 

(D.l COUNTRY: USA 

POSTAL COIlG (ZIP) s d2l2(; 



<i) Ur^fKNTORj 

I A) :jamE: Char Lea can^^r 

•£> STREET: 

(T» STATES California 

<1» COTJNTRY; USA 

•:E} postal CODli UXP} : 

Ci) iNvs>rroR: 

(A) Z^AM-::: l^avicl Lough 
;n) nCRSST: 

iC) c:t/: 

in) CCUSITRY: USA 

(B) POSTAL CODB (ZT?) ; 



(ill ZVTx^ OF IKVEUTICN: [4AS3 £:*f KCTKC30KTK1C HjITHODS ^t^R SUOUBHCIN^ 

(iii) nJMBES OF SEOUIiSMCES: X'J 

(iv> COPJRESPONDENCE ADDR3SS; 

(A) ADDRE35EE: HelXer Shrm^A >ihi&c U M<:Auli££6 

(B) STREET: 4250 7x9cutive Squarer 7th Floor 

(C) CITYt La J:;lla 

(D) STATS: CA 
\£\ COUNTRY t USA 
{Pj ZIP: 9JJ037 

(v) COXP^TBR FvBSADABLB FORM: 
•:a> XEDIUM TYPE; Diske.tre 
;H> rrOMPUTBR: TBM Cmnpu-ibie 
:C> OPEL^TIHG SYSTSM: DOS 
p) SOFTWARE! ASCII 



(v.) CORRENT APPU. CATION i>ATAi 

(A) APPLICATION SIUMBER! 

(B) PILIKO DATE 3 

(C) CLASSIPIZATlOUi 



tvii) ?RIOR APPT.TCATION RATAr 
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(A) APPLICATION Nm4BER: 08/990^651 

(B) FILTN3 DATE: IS -DEC -19^7 

(viii) ATTCRN3V/ACSNT iKFORMAtlON j 
(Til NAME; SeidToA:^, iattphAnie L 
(3) REQISl'KATION NUI^BEK ; 33,77<> 

(C) REPBl^ENCB/DOCXET R-JMBSRi 2473 S -2 00 7 



<ix) TBLDCOMYITNICATIOK I3JFORIHATI0H: 
(A! TELKV¥,Cmi 619-450-d4C0 
{B:- TEXBFAX: 61S- 450 -6439 

(2} TUFORmTION FOR SEQ ID NO: Is 

(i) SBOI?BNCK aiARACTBRISTICS ; 
ih) LE^TGTHt 21 base p&iro 
IB) TYPE: r-xicleic ACid 

(C) £j7RAMDUi;MBSrJ: single 

(D) TOPOIiOSY: uxilcxiowtl 

(ia) MOLESCUijE TYPE: cHNA 

HYPOTHETZCiU.: !>aO 
<iv) J^mZSENSE'. NO 
<V} i/HAG«L*W'r TYPE: 
(vH) ORIGINAL fiOURC£: 



(xi) SEQUENCE DESCRIPTION ; 6E0 ID NO;:,: 
SAATTCGAOC TC(XrrACCC6 G 21 
(2) INFORMATION FOjK SBO ID H0:2c 

(i) flRQTTRKCB CHAPACrERlSTlCS i 

(A) LEN37H: 21 baee pairs 

(B) TYPE} nucleic acid 

(C) f;TRANDEDKBSS t Q ingle 

(D) TOPOLOGY: unknovm 

{Hi >10:.*P.CUT.E TYPE: CsDKA 
{iii) aYPOTSETlCAL: NO 

fiv) Asrrist^cffSE: no 

:v> FRAGI»IBir: TYPE: 
ivi) 3RIGIKAL SO'JRCBi 

(xi'l SEQDENC3 DESCRIPTIOHs SCQ ID K0;2: 
CCGGGTACCG AGCrOOAATT C 21 
(2} niFORHATlON FOR SZQ ID NO:!): 

(i) SEOUSNCi: CHARACTERISTICS; 
(A) LENGTH: X2 bafic pdira 
(3) TYPES nuoleio acid 

(Ci STRAHDEDHESS : wJ^ngw:i 
Oy TOBOiMXi wknown 

(ii) molscu:.e: type 3 cDNA 

(iix) HYFOTKeriCAL s NO 
(iv) ANXISENSE: NO 
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(v} FRAGUBKT TYPE: 
(Vl) OKIGINAL SOURCRi 

Ui) SBOJm^CE DES?RIP:7I0N; sec id MO: 3; 

ATCGATCGAT CG 12 

(2) INPORMATION FOR SBQ ID HO: 4: 

(1) SEOUKNCK CriAKACTEklSTlC6 5 
if\} LENGTH: 2E bagc paixa 

•:3> TY?35 nucleic acid 
•rC) SSrEANDEUWbJsiS 5 Giiigle 
\Z}f TO^OIOSY: unknown 

UiJ MOIiHCTJLE TYPSj CDNA 
<iii) HYPOTHETICAL: KD 
{iv) ANT I SENSE: NO 
(v) FWSXENT TY2E: 
{Vi> OKIGIHAL 

(xi) 51:QUENCB DBSCRIFTIDUi SEQ ID N0t4! 
ATTOATTOAr CGRTCCATCC ATCGATC3 28 
•;2> IKPORPtWIOH FOR SEQ ID W0:5: 

(i) SEQUENCE CHKXATTBRZSTICS : 

(A) IiBlEGTHi 24 hSL&Ci jdsiirs 

(B) TYF£: nucleic &cid 

(C) STRANDEDSaSSS 1 siiigl^ 

(D) lOPOLOGY: wlcnown 

Hi) MOLErnX:^ TVPB: CDHA 
(ili> UYPOTIIETICAL: MO 
(iv) ANTISENSEl 2)0 
<v> FRAGMENT TYPE i 
<vi) OKIGItJAL SCOJRCH: 

<Xi) SEQUENCE DESCRIPTION; SEQ ID NO: 5 5 

CTGA?GCGTf: GGATrATnTT TTTT 7,A 

(2) INFORMRnON FOR SEQ ID KCs€i 

(i) EEQUENCS CtL«kRACTERISTICS: 
ih) LBITOTIi; 23 tesQ pairs 
iB) TYPE: nucleic acid 
ic) riTRAK^BDNESS: unknown 
(D) TOPOLOGY I unkno'tfn 

iii) MULECULj: TYPB: cDNA 

HY?07H3TICALs NO 
(i\^i AITTISENSE: NO 
'!v) FRAGMBC3T TYPE: 
(Vi) ORZGINAL SOURCE; 

•Ixi) S£OTEWCE DESCRIPTION; S3Q ID 110t6: 
CCT'CTTGGGA ACTGTGTAGT AT7 23 
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(2) INFORMATION FOR SBQ ID Ix*0:7: 

SEQUENCE CHARACTERISTICS: 

(A) LhliJGJH: 23 ha&€ pairs 

(B) TYPEi nucleic acid 
<C) d^nylts 
(D) TOJHOLCGV: unicno'A'n 

Jii) MCLBOJLS TYPEt cDHA 
{iii; HVPOTHETICAL ! NO 
(iv) AMTIGENSE: KO 
{V) FRAGWEOT TYPEi 
(vi) ORIGINAL SOLKClir 

(jtij SEQfUEtfCri; I>EeC^IPTION: SBO ID NOtTj 

UA:GATCCGA CG'CATCASAA TGT 23 

(2) INFOR^^RTION TOR SEQ m WO:B: 

(1) SEQUENCE CUftXU^CTERI5TlC&: 
{<\) liENGTH: 12 baue pairi^ 
{B} xyPE: nucleic acid 
iC) STRAKDEDNESSi Cicglc 
IP) TOPOLOGY: uikaown 

(ii) K0L3CULE TYPE): oDNA 

(iii) HYPOTEETICALs NO 
(iv> AKTISEIilS£: NO 

(V) FRACMBKT «PB : 
(vi) ORIGINAL SOURCSs 

(Xi) 5EQUBNCB OBSCRIPTIOUr SEC ID NO: 8; 

AATACXACAC AG 12 

12} INFORMATION FOR SEQ ID N0(9t 

{i) nF.Qi:mCK rSARACTERISTICS: 
(AJ LE;>XGTHi 29 base pairs 
•31 TYF3: nucleic acic 

{3} TOPOjJOCY: unknown 

(ii) MOLECULB TYPR: cT>NA 
(lii> HYPOTHKnCALs HO 

(iv) ^JITISEHSEi HO 

(v) ?RAOMENT TYPE: 

(x.) SEQUENCE DE5CRXPTI0K; SBQ ID NO: 9: 

OATCTAGCTG 6GCCGAGCTA GCSncSTTOA 29 

[2) INFORHATK^I FOR 8EQ ID NO: 10: 

( ^ > CRARACTERISTICiS i 

<A) LENSlHs 55 base pairs 

<a> TYPE: nucleic acid 

<C> STRANDSDHESSi c ingle 

<D> TOPOLOGY t unJcn wn 
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Hi) yjOZSQ'JhZ TYPE: CDNA 
•iii) :iYPOTIIETlCaL: NO 

(iv) AKTISENfiE: MO 
{-■/\ FRAGMENT TVPE: 
•:vi) OKIG-NAL SOURCB: 

Ixi) SEQUENCE DESCRIPT-QNt 530 ID NO^IO: 
ATAGACGC7G CTGaAPGCSCA CCCTTCTCCA ACACTTC7AT ACTGTCACCT AAATC 55 
\2) INFDHMRXrCK KOK SE<J IJ NO: 11: 

(i) SEOCEHCE CHARACTBRISTICS : 

l.^ING?3i 25 base pairs 

(C; STRAKTZDNESS : Gingle 

(ii^ MOLBCDLS TYPE: CDNA 
(iii} HYPOTHETICAL: NO 
(ivj AN': I SENSE: KC 

(v) FRAGMENT Ti^^Ei 
(vi> ORIGINAL SOCRCEi 

<xi:> SEQUENCE DB6CRIPTICK3 S£Q ID NO: 11: 

GATTTAOGrG ACACl'ATAGA AGTCT 

f2) INFQRKATIOn FOR S30 ID NO: 12: 

(i; SEQUENCE CI2ARACTERIS7ICS : 
(AJ LENGTrT; 30 baae paire 
m TVPB: micte-ic Anid 
(O STRAHDEDNESe : unknown 
(3> TOFOLOGV: unkaown 

(ii) MOLBOTIiS TYPE: CDHA 

(iii) HY?OTHETICAI. I NO 
(iv; ANTXSENSK: KO 

(v) PRAGXSNT TY?S! 
• vij ORIGIN^lL SOURCE: 

ix3) SEQUENCE TIRSCRTPTTOK: . SRQ 13 NO: 12 s 

TGOAGAAGGG TGCCISTCCAS CAGCGTCTAT 30 

[2) nCFOTlMftTTON FOR fiEQ ID NO J 12 l 

(i) SEOUBNCE CHARACrKKlSriCS : 
iA; L3W6TH; 276 bsBe paiTB 
(B; TVPEj nutil^iio acid 
IC; STRA2IDEDKBSS ; single 
(D) TO?OLOGY! unknown 

(ii> KOLKCULE TYPE: CCMA 
(iii) HYPOTHETICAL: NO 

ANTISENSS: HO 
(v) FRAOMPNT TYPK: 
<Vi) 0Ri;3INAL SOURCh:: 

{ni) SKQURKCK DEf^CRITTZON.: 5;SQ ID NO s 13: 
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€CTCTAATAC GACICAC^TAT AGGGAGArAA 
ATCCCCGGGT ACUGAfiC-'CG AATrCCTGGC 
GCCGTTGCTa Ct^CAACGrTC AAArCCCC^CT 
TCACCCCACA AACAAGA3AT AAAAAAAAAG 
TTZGATXSCCT GGliAATrCGT ATTCTATTCT 



GCTTGCATGC CrGCAGSTCG ACTCTAGAGQ 60 
AGTTTATGGC GGGCGlCrUC CACUCXCCGG 120 
CCCCOCCA7T ToTCCTACTC AflaAaAGCv^T IBO 
CCCAGTCTTT C3ACTGGGCC TTTCGTTTTA 240 
ATAGTG 27C 
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